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_ Make Plans to Attend— 


TWENTY-FOURTH ANNUAL MEETING 


OF THE 


FEDERATION OF 
SEWAGE AND INDUSTRIAL WASTES 
ASSOCIATIONS 


IN CONJUNCTION. WITH 


CENTRAL STATES SEWAGE Works ASSOCIATION |] 


MUNICIPAL AUDITORIJM 
St. PAuL, MINN. 


October 8-11, 1951 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 


325 BURDING CHAMPAIGN, ILLDNOTS 
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Figure R 5556—Ver- 
tical Open Shaft Pump. 


Specify 
CHICAGO 
NON-CLOGGING 
PUMPS 


For dry basin installa- 
tions. Motor is mount- 
ed on floor above and 
connected to the Pump 
through shaft with Uni- 
versal flexible coup- 
lings. See Bulletin 126. 


There is a “Chicago” Pump 


Figure R 5656—Ver- 
tical Pedestal Mounted 
Non-Clog Pump. See 
Bulletin 126. 


for every sewage and waste dis- 
posal need. To specify “Chicago” 
Sewage Pumps assures a unit 
that is specifically designed and 


engineered for the job. Long 


life. low maintenance cost, trou- 
ble-free service . . . these ad- 


vantages are built in with every 


“Chicago” Pump. 


Figure R 5856—Horizontal Non-Clog 


motor drive. CHICAGO PUMP COMPANY 
Described in Bulletin 127. SEWAGE EQUIPMENT DIVISION 

2300 WOLFRAM STREET CHICAGO 18, ILLINOIS 
Push Scru Pelle: Plunger ‘Swing Dittusers Stavonary Diffusers: 


Lt 
Borisontal and Vertical Nos Clogs 
‘Ware: Sea) Pumping Unite Samplers 


Mechanical Aerators Comiination 
Comminutore 
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Cinsider 
the upkeep, too! 


Builders Visible Flow Chlorin- 
izers set a new standard for operat- 
ing efficiency and low maintenance. 
These chlorine gas feeders are de- 
signed to save you money in the 
long run. Vital control and meter- 
ing parts in Builders Chlorinizers handle nothing but dry, non-corrosive gas 
—a feature that’s sure to conserve your upkeep dollars. Materiais of 
construction (tantalum diaphragm, silver valve seat and needle, porcelain- 
enamel valve lining) are carefully selected to “stand up and take it”, 


year after year. ; 
Mechanical simplicity is a cost-saving feature, too. Your maintenance 

men can easily handle the operation and servicing of Builders Chlorinizers. 

For complete information and Bulletins on chlorinating equipment that’s 


economical to buy and economical to run, address Builders-Providence, 
Inc. (Division of Builders Iron Foundry) 368 Harris Ave., Providence 1, R, I. 


BUILDERS PRODUCTS 


The Venturi Meter * Propeloflo and Orifice 
Meters * Kennison Nozzles * Venturi Filter 
Controllers and Gauges * Conveyoflo Meters 
* Type M and Flo-Watch Instruments * Wheeler 
Filter Bottoms * Master Controllers * Chlor- 
inizers — Chlorine Gas Feeders ¢ Filter Oper- 
ating Tables * Pneumatic Meters « Chronoflo 
Telemeters 


BUILDERS-PROVIDENCE 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
O. TayLor, Secretary 
Box 69 

Alabama Polytechnic Institute 
Auburn, Alabama 
Argentina Society of Engineers, Sanitary En- 
gineering Div. 
Epmunp B. Besserrevre, FSIWA Contact Member 
c/o The Dorr Company 
Barry Place 
Stamford, Conn. 

Arizona Sewage and Water Works Asen.* 
farry S. Jorpan, Sec.-Treas 
c/o Sanitary Engineering Div. 

Arizona State Dept. of Health 
Capitol Building 
Phoenix, Ariz. 

Arkansas Water and Sewage Conf.* 
Dr. Harrison Hare, Sec.-Treas 
c/o Southern State College 
Magnolia, Ark. 

California Sewage Works Assn. 
Sam A. Weep, Sec.-Treas 
Room 315, City Hall 
Oakland 18, Calif 

Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas. 

Ontario Dept. of Health 
Sanitary Engineering Div. 
Toronto 8, Ontario, Canada 

Central States Sewage Works Assn. 
A. Paut Troemper, Sec.-Treas. 
Div. of Sanitary Engineering 
Illinois Dept. of Public Health 
Springfield, Ill. 

Dakota Water and Sewage Works Conf. 

North Dakota Section*® 
JEROME H. Svore, Sec.-Treas. 
c/o State Dept. of Health 
Bismarck, N. Dak. 

South Dakota Section* 
Cartes E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health 
Pierre, S. Dak. 

Federal Sewage Research Assn. 
Leonarp B. Dworsky, Sec-Treas. 
of Water Pollution Control 
Washington D. C. 

Florida Sewage and Industrial Wastes Assn. 
Perry M. Teepre, Sec.-Treas. 

Florida State Board of Health 
P. O. Box 210 
Jacksonville, Fla. 

Georgia Water and Sewage Assn.* 

A. T. Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 

German Sewage Technologists Association 
Wituetm Buckstesc, Sec.-Treas. 
Schliessfach 1112 
Ruhrverband, Essen, Germany 

Institute of Sewage Purification 
Martin Lovett, FSIWA Contact Member 
206 Bradford Rd. 

Wakefield, Yorks., England 

Institution of Sanitary Engineers 
Ernest Batsom, Secretary 
118 Victoria St. 

Westminster, S. W. 
London, England 
Iowa Sewage Works Assn. 
Leo*HottrKamp, Sec.-Treas. 
E. Ohio St. 
Webster City, Iowa 
Kansas Sewage Works Assn. 
Dwicut F. Merzrer, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall 
University of Kansas 
Lawrence, Kans. 
Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
R. Paut Farrett, Sec.-Treas. 
420 Sixth Ave., N. 
Nashville 3, Tenn. 
Loulsiana Conference on Water Supply and 
Sewerage * 
Georce L. West, Sec.-Treas 
Water Dept. 
Lake Charles, La. 


* Sewage Works Section. 


Maryland-Delaware Water and Sewerage 
Asen.* 
W. M. Brnctey, Sec.-Treas. 
2411 N. Charles St. 
Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Prerce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334 Administration Bldg. 
Lansing 4, Michigan 
Missourl Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas. 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
. B. Foote, Sec.-Treas. 
Div. of Sanitary Engineering 
State Board of Health 
Helena, Montana 
New England Sewage Works Assn. 
Watrer E. Merritt, Sec.-Treas. 
c/o State Dept. of Health 
511-A State House 
Boston, Mass. 
— Jersey Sewage and Industrial Wastes 
sen. 
Micuaet S. Kacworsky, Sec.-Treas. 
P. O. Box 766 
Manville, N. J. 
New York Sewage and Industrial Wastes Assn. 
Ratpw C. Sweeney, Secretary 
c/e State Dept. of Health 
21 N. Broadway 
White Plains, N. Y. 
North Carolina Sewage and Industrial Wastes 
C. Husparp, Sec.-Treas 
North Carolina State Board of Health 
Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
J. E. Ricwarps, Acting Sec.-Treas. 
301 Ohio Depts. Bldg. 
Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Waste 
Conf.* 
H. J. Darcey, Sec.-Treas. 
State Dept. of Health 
Oklahoma City 5, Okla. 
Pacific Northwest Sewage and _ Industrial 
Wastes Assn. 
Ropert QO. Syivester, Sec.-Treas. 
Civil Engineering Dept. 
More Hall 
University of Washington 
Seattle 5, Wash. 
ee Sewage and Industrial Wastes 
ssn 
B. S. Busn, Sec.-Treas 
c/o Pennsylvania Dept. of Health 
Kirby Health Center 
Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
R. Pierce, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832 
San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assn. 
Carrott H. Coperry, Sec.-Treas. 
Room 329 
1441 Welton St. 
Denver 2, Colo. 


South Carolina Water and Sewage Worke 
Assn.* 


W. T. Linton, Sec.-Treas. 
Wade Hampton 
Columbia, 
Swiss Assn. of Water and Sewage Profes- 
sionals 
Water Darvet, FSIWA Contact Member 
Aarberg (Berne), Switz. 
Texas Water and Sewage Works Assn.* 
V. M. Envers, Sec.-Treas. 
501 W. 33rd St. 
Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
san. 
G. R. Tatcort, Sec.-Treas. 
815 E. Franklin St. 
Richmond 19, Va. 
West Virginia Sewage and Industrial Wastes 
Assn. 
Guen O. Fortney, Acting Sec.-Treas. 
State Dept. of Healt 
Charleston, W. Va. 
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1. A specially designed Ven- 
turi Tube for sewage flow with 
cast-iron upstream section and } 
steel-plate downstream cone. 


2. Flat-invert design with long 
downstream recovery cone for 
sewage and sludge measurement. 


— 3. Special insert barrel design for 
i} sewage flow in restricted locations. 


4. Fiat-invert and flat top design 
for under low-pres- 
sure condition: 


Rpt forms of Venturi Tubes are avail- 
able to suit your specific volume and pres- 
sure conditions. With these tubes, you can adapt a Simplex Venturi Meter 
to measure almost any kind of sediment-bearing liquid. 

There is a type to suit your needs— whether for sewage, sludge, process 
liquors, or trade wastes. 

Your request for a solution to any measuring problem will bring a prompt 
reply. Write to Simplex Valve & Meter Company, Dept. 7, 6719 Upland 
Street, Philadelphia 42, Pennsylvania. 


VALVE METER COMPANY 


: 
DO YOU NEED 
go 
A VENTURI TUBE GE 

SEWAGE, SI 2 
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MEMBER ASSOCIATION MEETINGS 


Association 


Canadian Institute on Sewage and 
Sanitation 


Pennsylvania Sewage and Industrial 
Wastes Association 


Iowa Sewage Works Association 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Association 


Georgia Water and Sewage Association 


South Dakota Water and Sewage Works 
Conference 


Rocky Mountain Sewage Works Association 


North Dakota Water and Sewage Works 
Conference 


Missouri Water and Sewerage Conference 


West Virginia Sewage and Industrial 
Wastes Association 


Place 


Royal York Hotel, 
Toronto, Ont. 


State College, Pa. 


Hotel Tall Corn, 
Marshalltown, Iowa 


Kentucky Hotel, 
Louisville, Ky. 


Georgia Institute 
of Technology, 
Atlanta, Ga. 


Charles Gurney Hotel, 
Yankton, S. Dak. 


Cosmopolitan Hotel, 
Denver, Colo. 


Gardner Hotel, 

Fargo, N. Dak. 
Robidoux Hotel, 
St. Joseph, Mo. 


Daniel Boone Hotel, 
Charleston, W. Va. 


Time 


. 20-22, 1951 


. 22-24, 1951 


. 11-13, 1951 


. 17-19, 1951 


. 19-21, 1951 


Sept. 19-21, 1951 


Sept. 26, 1951 


Sept. 26-28, 1951 


Sept. 30- 
Oct. 2, 1951 


Oct. 3-4, 1951 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with Central States Sewage Works Assn. 
Municipal Auditorium, St. Paul, Minn. 

October 8-11, 1951 


Florida Sewage and Industrial Wastes 
Association 


New England Sewage Works Association 
North Carolina Sewage and Industrial 


Wastes Association 


Oklahoma Water, Sewage and Industrial 
Waste Conference 


Texas Water and Sewage Works 
Association 


Arkansas Water and Sewage Conference 


The Princess Issena 
Hotel, 

Daytona Beach, Fla. 
Sheraton-Biltmore 
Hotel, 

Providence, R. I. 
Robert E. Lee Hotel, 
Winston-Salem, N. C. 


Oklahoma A. & M., 
Stillwater, Okla. 


Texas A. & M., 
College Station, 
Texas 

Engineering Building, 
University of 
Arkansas, 
Fayetteville, Ark, 


Oct. 28-31, 1951 


Nov. 6-7, 1951 


Nov. 12-14, 1951 


Dec, 10-14, 1951 


March 9-13, 1952 
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qheres a YEOMANS Plant 


FOR EVERY WASTE TREATMENT NEED / 


DIGESTER 


SPIRAFLO CLARIFIER 
PR 


ESTED 
IMARY TANK 


= 
AERO FILTER 


sivoce 


HIS LOW RATE, HIGH CAPACITY TRICKLING FILTER PLANT IS ESTABLISHING AMAZING RECORDS 
FOR HIGH PURIFICATION AT EXCEPTIONALLY LOW COST 


These figures show a typical result produced by Overall plant efficiency is always higher when 

a Yeomans installation the “Aero-Filter” and these units are used together. The method is espe- 

“Spirafio” Clarifier in combination. cially effective for treating strong industrial wastes. 
OPERATIONAL DATA... SPIRAFLO—AERO-FILTER PLANT * 


Primary Effluent Final Effluent Overall Plant 


Sus. 
| Cent |B.0.D] Cent |] | Cent | | Cent || Solids | B.0-D. 
PPM — PPM Redue- PPM Reduc- PPM Redue- 


62.4 


* Name of plant furnished on request, as well as operating data from other installations. 


“Spiraflo” Advantages “Aero-Filter” Advantages 
@ Increased B.O.D. and settleable solids removal @ Thorough uniform distribution—therefore costl: 
—influent into annular recirculation for dilution is unnecessary 
riphery. e spirals 
downward slowly. abd enters main clarification @ Operating cost is lowest of any type of complete 
compartment at the bottom of the tank. Uni- sewage treatment 
form, slow diffusion of waste under the skirt @ Uninterrupted and almost complete momentary 


results in greatly reduced velocities and pro- coverage minimizes troubles from odors, 
vides maximum removal of settleable solids. freezing, ponding, filter flies 


@ Greater removal of finely divided particles—due ; 
to upward flow through sludge blanket. This @ All returns made direct to the filter—no oversize 


increases flocculation and results in more effec- memes 

tive removal of finely divided particles before FOR INDUSTRIAL WASTES, TOO... Many 

waste enters the effluent weirs. ; types of industrial wastes can be successfully 
@ Straight-wall design minimizes construction treated by direct application to the Aero-Filter 

costs. without preliminary sedimentation. 


Bulletins containing full details and helpful engineering YEOMANS BROTHERS COMPANY 
data will be sent promptly upon request | 


1411 North Dayton Street, Chicago 22, Ill. 
Please send these bulletins: 
“Aero-Filter”—No. 


6570 
oO A Ss “Spiraflo” Clarifier—No. 6790 


Rusi 


COMPLETE LING OF SEWAGE AND WASTE TREATMENT EQUIPMENT | Address. 
(AND PUMPS FOR BUILDINGS, MUNICIP Abities, APPLICATEC City.. State 


| 
i 
KA 
| Raw Sewage 
1949 Flow || Sus 
Date | M.G.D. |] Solids |3;0.D- 
PPM | PPM | 
6-15 | 0.2996 || 210 | 255 || 79 | mm | 136 | 466 || 28 | 64.61 18 | 868 || 86.6 | 93.0 ; ae 
: 6-16 | 0.2407 || 425 | 260 || 85 | 80.0 | 127 | 51.2 || 23 | 73.0 | 19 | 85.1 || 946 | 926 ee = 
6-17 | 0.2554 || 410 | 235 || 124 | | | 400 || 28 | | | |] | 924 
6-18 | 0.2487 || 308 | 222 | 76 | 754 | 108 | || 34 | 553 | 16 | 852 || | 92.8 
6-19 | 0.1783 || 222 | |] o¢ | 712 | 132 | 395 a7 | 35] — | — | — 
6-20 | 0.2666 || 262 | 320 || 88 | 664 | 147 | 541 || 20 | 77.3 | 30 | 79.6 || 924 | 90.6 iar 
s 6-21 | 0.2279 | 240 | 215 || 78 | 67.6 | 138 | 35.8 | 19 | 75.7 | 20 | 85.7 | 92.0 | 90.7 — 
Average | 0.2456 || 207 | 247 || | 705 | 132 | 45.5 710 | 90 | ll | — 
— 
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Removable barrel contains all working parts 


This exclusive Mathews feature is of 
utmost importance to a smoothly 
functioning system. It permits a 
hydrant broken in a traffic accident to 
be removed and a spare put in its 
place. These two operations can be 
done without excavating and with only 
a few minutes’ loss of neighborhood 
fire protection. 


HYDRANTS 


Made by R. D. Wood Company 
Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manufacturers of ‘‘Sand-Spun"’ Pipe (centrifugally 
cast in sond molds) and R. D. Wood Gate Valves 


Easily maintained because simple in construe- 

Mathews tion e Stuffing box cast integral with nozzle 
d . d section *« Head turns 360° « Replaceable head 
mogernize Nozzle sections easily changed Nozzle levels 
hydrants raised or lowered without excavating « Protec- 
tion case of Sand-Spun cast iron for strength, 

offer these toughness, elasticity « Operating thread only 
part to be lubricated « Available with mechanical 


advantages joint pipe connections « A modern barrel makes 


an old Mathews good as new 
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Consulting Engineer Gatley specifies 


INERTOL PAINTS 


in Bridgeport Sewage Plants 


Ramuc Utility—a glossy, chlorinated rubber- 
based enamel for nonsubmerged steel, concrete 
and masonry—protects battery of 30” pump sec- 
tion pipes. Attractive light colors protect and 
beautify walls, ceilings and floors—stay colorfast 
under strongest Cleaners. 

The ‘'Eastside’’ and ‘‘Westside’’ sew- 
age disposal plants in Bridgeport, Con- 
necticut, are painted throughout with 
Inertol Paints—selected and specified 
by consulting engineer H. K. Gatley of 
Maplewood, N. J. Mr. Gatley knew 
from experience that the durable, long- 
lasting qualities of Inertol paints would 
meet the rigid requirements of water-, 
weather-, and fume-resistance, elastic- 
ity, hardness, etc. 


Each product in the Inertol line has 


INERTOL 


482 Frelinghuysen Avenue 
Newark 5, New Jersey 


been developed specifically for sewage 
plant application and has been proved 
in hundreds of installations throughout 
the country. 

If you're not familiar with these su- 
perior coatings, our Field Technicians 
will be pleased to discuss the Inertol 
line fully at your office. Or write today 
for the“ Painting Guide,” an invaluable 
aid for Design Engineers, Specification 
Writers, Contractors and Plant Super- 
intendents. Address nearest office. 


co., INC. 


27 South Park, Department 2 
San Francisco 7, California 
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CHAPMAN 


There’s no need for match-marking with 
Chapman standardized Sluice Gates — stem and couplings 
are completely interchangeable. All repairs and replacement 
parts can be easily installed in the field without alterations. 


Depending on your needs, these Chapman Sluice Gates 
may be operated by hand, hydraulic cylinder or motor 
unit. The motor unit comes completely wired — ready for 
installation. For additional information write . . . today! 


The Chapman Valve Manufacturing Company 


INDIAN ORCHARD, MASSACHUSETTS 
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| 
how Worcester, Mass., modernized 
1925 Sewage Plant with an 
\ ® 
Accelo Filter .,;:... 
EFFLUENT 
AEROBIA 
To give Worcester a modern 20,000,000 g.p.d. Specify Infi Ico for: 
treatment plant, consulting engineers replaced Pane Fitter Efficiency 
1925 equipment with the Infileco Accelo Filter system increase to Clartler Sise 
with direct recirculation and positive aeration. Increased Capacity : 
The system has 8 rotary distributors 176 ft. in No Clogging, Sloughing ; 
diameter with aero-spray nozzles. Excellent 
distribution is obtained over filter surfaces with peaceibibadiats Fly Nuisance : 
‘ vigorous growth of bacterial gel. Three Infilco PD 


Clarifiers (foreground) provide effective 
final sludge removal. 


INFILCO INCORPORATED : Tucson, Arizona 


BETTER WATER CONDITIONING 
AND WASTE TREATMENT SINCE FIELD ENGINEERING OFFICES IN 26 PRINCIPAL CITIES 
1694 


World’s Leading Manufacturers of Water Conditioning and Waste-Treating Equipment 
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doesn’t faze this pipe | 
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Strength to support 
heavy rail traffic plus 
lasting protection 
against acid wastes 
made Armco ASBESTOS- 
BONDED Pipe a logical 
choice for this indus- 
trial sewer. 


Sewers must meet two vital requirements 
to assure long life. These are structural 
strength and material durability. You get 
them both in Armco ASBESTOS-BONDED 
PaveD-INVERT Pipe. 

This unique pipe combines the proved 
load-carrying capacity of corrugated 
metal plus positive protection against 
corrosion and erosion. It means real 
sewer efficiency. 

During the manufacture of AsBESTOs- 
BONDED Pipe, millions of rotproof asbes- 
tos fibers are securely embedded in the 
galvanizing and impregnated with a spe- 
cial saturant. Thus they are tightly bonded 
to the base metal for the life of the pipe. 

ASBESTOS-BONDED Pipe is economical 
to install with just a small unskilled crew. 


Long lengths are light in weight for easy 
handling. Watertight connections are 
made with simple bolted couplers. 

Write us for complete data and ask too, 
about the complete line of Armco prod- 
ucts for sewer construction. Armco Drain- 
age & Metal Products, Inc., 3621 Curtis 
Street, Middletown, Ohio. Subsidiary of 
Armco Steel Corporation. 


RMAC, 
ARMCO SEWER PIPE 
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“VAREC” Pressure 
Relief and Vacuum 

Breaker Valve with 
Flame Arrester — Fig. 
5800C — Relieves ex- 
cess pressures and 
vacuum in digesters 
and protects vessels 
from outside fires. 


TYPICAL INSTALLATION DIAGRAM 


“VAREC” Explosion 
Relief Valve—Fig. 70 
— Relieves sudden 
surges in pressure 
from explosion or mo- 
mentary plant fluctua- 
tions. 


“VAREC” Flame Trap 
Assembly — Fig. 450— 
Prevents flame propa- 
gation in piping. 


“VAREC” Waste Gas 
Burner — Fig. 236, 237 
or 238 — Efficiently 
burns all excess gas. 


“NAREC” Flame Check 
— Fig. 51A or 52A— 
Prevents flashback 
from burner pilot or 
laboratory burners. 


“VAREC” Pressure Re- 
lief and Flame Trap 
Assembly — Fig. 440— 
Permits excess pres- 
sure to be wasted 
through gas burner 
and prevents flame 
flashback from burner. 


Plan with nec 
Symbols of Safety 


FOR GAS CONTROL THROUGHOUT YOUR 
SEWAGE TREATMENT PLANT 


al “VAREC” Pressure Re- 

ducing Regulator— 

Fig. 187 or 387—Con- 

trols pressure of gas 

going to utilization 
equipment. 


“VAREC” Check Valve 
—Fig. 211 of 211A— 
Controls direction of 

gas flow. 


“VAREC” Manometer 
— Fig. 215, 215A, 216 
or 216A — Indicates 
system pressures. 


PROVED ons LITA 


“VAREC” Drip Trap — 
Fig. 245 or 248. 


“VAREC” Sediment 
Trap — Fig. 230, 232 
or 233 — Keeps lines 


THE VAPOR RECOVERY SYSTEMS COMPANY ee 
COMPTON, CALIFORNIA, U.S. A. 
S-10 Available from Authorized Sewage Equipment Agents throughout U.S. and Canada. 
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The basic and important economies of 
Fairbanks-Morse dual fuel engines are 
amply evident in the first year's record 
of this 7200 hp. installation. Here are 
a few facts that should interest anyone 
who wants fow-cost, unfailing power 
generation. 

Plant requirements of 5600 hp. are 
met with three engines running at full 
load, one held in reserve ... units in 
operation must run at an overload be- 
fore the operator starts up another en- 
gine . . . frequently, electrical equip- 
ment is started across the line, pulling 
an estimated 500% overload...in one 
year there has not been a single shut- 


-Morse 
tion! 


@ 


down due to engine failure ...in six 
months the engines ran a combined 
total of 13,816 hours out of a possible 
17,520 . . . engines can operate either 
as full diesels or on sewage gas and can 
be switched instantly from one fuel to 
the other. 

Remember that field conversion parts 
are available for many sizes and types 
of Fairbanks-Morse diesel engines. 
Write your nearest Fairbanks-Morse 
branch office or Fairbanks, Morse & Co., 
600 South Michigan Avenue, Chicago 
5, Illinois. 


® FAIRBANKS-MOoORSE, 


@ name worth remembering 
DIESEL AND DUAL FUEL ENGINES © DIESEL LOCOMOTIVES 
ELECTRICAL MACHINERY © PUMPS © SCALES © RAIL 
CARS © MAGNETOS @ FARM MACHINERY 


| 
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Rex Combination Bar Screens and Triturators 4 primary tanks equipped with 12 Rex Longitudinal 
Sludge Collectors, 4 Rex Cross Collectors, and 
12 Rex Worm Gear Operated Scum q 
Collecting Pipes. 


Here’s another example of Rex Equipment being chosen as 
“best for the job” in an up-to-date sewage plant. In plant after 
plant, Rex has proved its ability to render years of trouble-free 
service at low overall cost. This is the principal reason why an 
ever-increasing percentage of new installations specifies Rex : 
wherever possible. 


At the Portland, Oregon, plant the following Rex equipment ; 
was selected: 2 type MAX Mechanically Cleaned Bar Screens 
in combination with 2 No. 8F Triturators for 2 channels each 
9'0” wide x 9'9” deep; 12 longitudinal sludge collectors, 4 
cross collectors and 12 worm gear operated scum collecting 
pipes for 4 primary tanks, each 58’ wide by 236’ long by 9’9” 
water depth. Each bar screen is automatically operated by a 
pneumatic differential indicator-controller. Each triturator has 
a capacity of 60 cu. ft. of screenings per hour. The plant is 
designed to handle 40 MGD minimum, 60 MGD average and 

. 155 MGD maximum. 


Get all the details on the complete line of Rex Sewage Treat- 
ment Equipment. Call your nearest Rex Field Sales Engineer or 
write for Bulletin 51-83. Chain Belt Company, 1606 W. Bruce 

7 St., Milwaukee 4, Wis. 
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SEWAGE TREATMENT EQUIPMENT... 
COmpant ® 


gives you 
| UNIFORM 
STRENGTH 


NATIONAL CLAY PIPE MANUFACTURERS, INC, 


100 N. LaSalle St., Rm. 2100, Chicago 2, lil. 


CONTROLLED FIRING .. . is a factor behind the 
uniformity of Vitrified Clay Pipe — whether it’s one 


length, or a million. Electronic instruments correctly 206 Connally Bidg., Atlanta 3, Ga. 
balance Clay Pipe firing time and temperature. This Los Calif. al 
modern technology, harnessed to govern manufac- 


turing processes, improves Clay Pipe’s basic quality. 
Clay is chemically inert, completely unaffected by cor- a / 
rosion or the chemical wastes of modern industry. It’s the y 7, 


best pipe for your sewerage or drainage projects. 


WRITE FOR DETAILED INFORMATION 
Additional information and data on 
Vitrified Clay Pipe, Wall Coping and 
Clay Flue Lining sent FREE on request. 
State your specific questions. Simply 


contact the regional office nearest you. 
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1,650,000 pounds of filter cake per day 


handled at 
new Los Angeles plant 


The new Hyperion Plant in Los An- 
geles is one of the largest and most 
modern sewage treatment plants in the 
United States. It covers more than 75 
acres and has facilities for disposing 
of liquid wastes from an equivalent 
population of three million. 

To dry the activated digested sludge 
there are installed at this plant four 
C-E Raymond Flash Drying Units each 
designed to dry or incinerate over 200 
tons of filter cake per day, the equiv- 
alent of an evaporation rate of 22,500 
pounds per hour. These are the largest 
units in use on sewage sludge any- 
where. The plant is designed so that 
the sludge can be dried and marketed 
as fertilizer, or incinerated to a sterile 
ash. 

This new plant is typical of C-E 
Raymond System installations, now in 
service in virtually all parts of the 
country, meeting the varying require- 
ments of both large and small com- 
munities. They are flexible in layout, 
highly efficient and thoroughly reliable; 
they provide for maximum utilization 
of waste heat. 

The services of C-E specialists are 
available to assist you in finding the 
best solution to your sludge disposal 
problem. Get in touch with the office 
nearest to you for prompt attention. 


Industrial 
sludges 
a problem? 


C-E Raymond 
Flash Drying and 
Incineration Sys- 
tems have been 
the answer for 
others. Write for 
information. 


Representative list of C-E Raymond 
installations since 1945 


BALTIMORE, Md. SAN DIEGO, Colif. 

BETHLEHEM. Pa. (Extension) 

CHICAGO, III. SAN FRANCISCO, Calif. 
. Southwest) SCHENECTADY, N. Y. 


(w 
FOND DU LAC, Wis. SHEBOYGAN, Wis. 
HOUSTON, Texas WATERBURY, Conn. 


COLNE VALLEY, England 
0s ances, att. > RECIFE, Brazil 
WASHINGTON, D. 


COMBUSTION ENGINEERING-SUPERHEATER, INC. 
FLASH DRYER DIVISION 
1315 North Branch Street 


Western Office: 560 W. Sixth, © Eastern Office: 200 Madison Ave., 
los Angeles 14, Calif. 


Chicago 22, Illinois 


New York 16, N. Y. 9.206a 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT 
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WESTINGHOUSE solves critical 
waste disposal problem with 


FOXBORO pH Control 


When the Westinghouse plant in Beaver, Pa., 
was being planned, it was realized that the 
waste from plating tanks would run as high as 
80,000 gallons of acid solution and 25,000 gal- 
lons of cyanide solution per day. Disposal of 
these wastes constituted a critical problem. 


CYRUS WM. RICE & CO. Inc. was retained 
to analyze the problem and design a treatment 
plant. A Foxboro pH Control System was speci- 
fied to maintain optimum pH for cyanide reduc- 
tion as well as proper pH of the effluent. The 
outstanding control which resulted is shown on 
the chart below. 


This Westinghouse installation is only one 
example of the many types of industrial waste 
problems which have been solved with Foxboro 
Control. Whatever your waste disposal prob- 
lem, Foxboro Instruments properly applied can 

ontrol panel including peart be counted on to reduce both initial investment 

Central eciog* p ctation. and operating costs. Talk it over with your 

* Hs outstanding = -— nearest Foxboro representative, or write The 
of Foxboro Company, 1627 Neponset Avenue. 


Foxboro, Mass., U. S. A. 


tanks at Westing: 


tmen 
2 waste ar, Beaver. Pa- - Typical 24 hour pH record taken at weir to the 


house pl * sewer. Note uniformity of record — indicating 
control of effluent within 1/10 of a pH unit. 


*Reg. U.S. Pat. Off. 
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- If the presence of phenolic compounds in industrial 
: waste is a problem to you and your community . 


C) ; 3 and complete destruction is required... you should 


investigate—right now—the economical and depend- 
3 able solution of that problem by low-cost Welsbach 
Ozone treatment. 


. Recent investigations reported at the 6th Annual 
O Industrial Waste Conference at Purdue University 
3 showed that chemical oxidation with Welsbach Ozone 
can provide an economical and complete answer to the 

problem of removing phenols from industrial waste. 


In addition to its relatively low cost, Welsbach Ozone 
treatment offers other important advantages: 


er @ Generated at point of use. No storage problem; no 
Procurement problem; no materials-handling. 
@ Fully automatic. No complicated control problems. 
: @ No full-time supervision or labor required. 
3 @ Non-toxic end-products. No objectionable taste or 
{ odor in chlorinated water. 


; @ Ozone-phenol reaction is instantaneous. 
: @ Operating cost is constant and predictable; based 
entirely on electric power consumption. Mainte- 
« nance cost is negligible. 
., @ Welsbach Ozonators and treatment vessels require 
very little space. 
@ Welsbach Ozone also gives collateral reduction in 
color, B.O.D. and C.O.D. 


.. but, most of all, Welsbach Ozone is economical, 
convenient and dependable! 


Write for complete information to: 
THE ACH CORPORATION 
O ONE PROCESSES D/V/S/ION 


1500 WALNUT STREET, PHILADELPHIA 2, PA. 


— 
259a 
q 3 
2 
= 
: 
3 
; 
t 
“ 
a 
3 
: 
eee 


SEWAGE AND INDUSTRIAL WASTES 


Through the years Lock Joint has proven itself in water 
supply and transmission mains—and now more and 
more sanitary engineers are realizing its value for sewer ae Lock Joint Prestressed 
force mains. It withstands high internal pressures and ; readily withstands the 
external loads, resists corrosion, tuberculation and rup- or eedowon-nfliaadimaaa 
ture, has watertight flexible joints and will maintain a 
high carrying capacity for an estimated life of over 
100 years. 

Its performance is unexcelled, yet this high quality 
pipe is low in first cost and is virtually free from repair 
and maintenance charges. For top performance at rock 
bottom cost, specify Lock Joint Prestressed Concrete 
Cylinder Pipe for your next sewer force main project. 


y to withstand heavy back- 
frequently make it possible 
k Joint Prestressed Con- 


laid and the 
immediately 


s it unneces 


SCOPE OF SERVICES—Lock Joint Pipe Company special- 
izes in the manufacture and installation of Reinforced Con- 
crete Pressure Pipe for Water Supply Distribution Mains ina 
wide range of diameters as well as Concrete Pipes for Sani- 
tary Sewers, Storm Drains, Culverts and Subaqueous Lines. 


LOCK JOINT PIPE COMPANY 


Est. 1905 
P. O. Box 269, East Orange, N. J. 
PRESSURE PIPE PLANTS 
Wharton, N. J., Turner, Kan., Detroit, Mich 
BRANCH OFFICES: Casper, Wyo. + Cheyenne, Wyo. + Denver, Col 
+ Valley Park, Mo. +- Chicago, Ill. + Rock Island, Ill 
+ Kenilworth, N. J artford, Conn. + Tucumcari 
ex. « Oklahoma City, la. + Tulsa, Okla 
Beloit, Wis Hato Rey, P. R 
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_EARLY PLANNI 


General Electric offers latest electrical ideas to city 
officials, consultants, machinery manufacturers 


A modern sewage disposal plant requires the 
complete co-ordination of electrical, mechani- 
cal and architectural features by a sewage dis- 
posal specialist: the consulting engineer. To 
the consulting engineer, his clients, and the 
machinery builder, General Electric offers 
years of experience in the application of elec- 
tric equipment to sewage treatment. 


Call on G-E application and design engineers 
early in the planning stage. They will expertly 
select and integrate components to form a 


completely co-ordinated electrical system . . . 
the heart of every modern sewage treatment 
plant. Apparatus Department, General Electric 
Company, Schenectady 5, N. Y. 
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MOTOR reliability is always of primary im- 
portance. G-E application engineers select 
motors with correct operating characteristics 
and structural features for each particular 
application. 


CONTROL, like the Cabinetrol* unit pictured 
above, is tailored to your specifications. Cabi- 
netrol is factory-assembled for complete co- 
ordination of control components. 


UNIT SUBSTATIONS combine transf rs 
and switchgear in one package. Both G-E 
load-center (under 600 volts output), and 
master unit substations, shown here, (over 
600) provide reliable power distribution, 


*Reg. Trade-mark of General Electric Company 


GENERAL ELECTRIC 
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Be doubly sure when you specify pipe for 

mains to be laid under city pavements. Sure that it 
effectively resists corrosion. Sure, also, that it has 

the four strength factors, listed opposite, that pipe must 
have to with d beam str external loads, 
tratfic shocks and severe working pressures. No pipe, 
deficient in any of these strength factors, should ever be 
laid in paved streets of cities, towns or villages. 

Cast iron water and gas mains, laid over a century ago, 
are serving in the streets of more than 30 cities in 

North America. These attested service records prove 
that cast iron pipe not only assures you o! effective 
resistance to corrosion but all of the vital strength 
factors of long life and economy. 


CAST IRON PIPE RESEARCH ASSOCIATION, THOS. F. WOLFE, MANAGING DIRECTOR, 122 8O. MICHIGAN AVE.. CHICAGO 3. 


CAST TRON PIPE 


STRENGTH 


is vital in pipe 
for city streets 


CRUSHING STRENGTH 


The ability of cast iron pipe to withstand 
external loads imposed by heavy fill and un 
usual traffic loads is proved by the Ring Com 
pression Test. Standard 6-inch cast iron pipe 
withstands co crushing weight of more than 
14,000 ibs. per foot. 


BEAM STRENGTH 


When cast iron pipe is subjected to beam 
stress caused by soil settlement. or disturbance 
of soil by other utilities. or resting on an ob 
struction. tests prove that standard 6-inch cast 
iron pipe in 10-foot span sustains a load of 
15.000 ibs. 


SHOCK STRENGTH 


The toughness of cast iron pipe which enables 
it to withstand impact and traffic shocks, as 
well as the hazards in handling. is demon- 
strated by the Impact Test. While under hydro- 
static pressure and the heavy blows from a 
50 pound hammer, standard 6-inch cast iron 


gressively increased heights of 6 inches. 


BURSTING STRENGTH 


In full length bursting tests standard 6-inch 
cast iron pipe withstands more than 2500 Ibs. 
per square inch internal hydrostatic pressure. 
which proves ample ability to resist water- 
hammer or unusual working pressures. 


262a 
> 
: 
: 
4 
i 
oe pipe er is : 
dropped 6 times on the same spot from pro- 
| 
| 


SEWAGE AND INDUSTRIAL WASTES 


Journal of the Federation of Sewage and Industrial Wastes Associations 


Volume 23 JULY, 1951 Number 7 


Contents 
Sewage Works 


Air Diffusion—-A Versatile Tool for Sewage and Industrial Waste Treatment. By 
Some New Developments in Aeration: 
I. Pre-Aeration and Aerated Grit Chambers. By StTantey E. KaAppe anp 


II. Jet (Impingement) Aeration. By J. R. Sperry anp J. D. WALKER ...... 839 

III. The Aero-Accelator—Pilot Plant Studies. By F. A. EImpsNess .......... 843 

Progress Report on Sewer Rental for New York City. By RicHarp H. GovLp ...... 849 
Contamination of Vegetables Grown in Polluted Soil. V. Helminthie Decontamina- 

tion. By Wittem Rupotrs, Luoyp L. FALK, AND Ropert A. RAGOTZKIE ...... 853 

Industrial Wastes 

Radioactive Waste Disposal. By Joun F. NEWELL AND C, W. CHRISTENSON ...... 861 

Coal Washery Wastes in West Virginia. By LyHLe E. GILLENWATER .............. 869 
Determination of Cyanides in Sewage and Polluted Waters. By I. NusBauM AND 

Fiber Losses at Paper Mills—Effects on Streams and Sewage Treatment Plants. By 


Nutritional Requirements in the Biological Stabilization of Industrial Wastes. IT. 
Treatment with Domestic Sewage. By E. N. Hevmers, J. D. Frame, A. E. 


Neutralisation of Acid Wastes. By BH. L. 900 
Stream Pollution 
Relationship Between Air Pollution and Water Pollution: 
I, Tne Air Poliution Problem. By C. 906 
II. Air Pollution Control Methods. By J. Lovis York .................... 908 
Industrial Viewpoint. Br J. C. 915 
The Operator’s Corner 
Salaries and Working Conditions of Sewage Plant Personnel. SprctaL COMMITTEE 
REPORT, PENNSYLVANIA SEWAGE AND INDUSTRIAL WASTES ASSOCIATION ...... 19 
The Daily Log, New Britain, Conn. By JoHN R. SZYMANSKI ..............00000 928 
Cautions in Grease Extraction with Ether. By Frank D. TyLickI ................ 930 
Caleulation of Gas Production. By N. E. WAGGONER ................ccccceeecees 931 
Editorial 
Proceedings of Member Association Meetings 
Virginia Industrial Wastes and Sewage Works Association .................00005 266a 


W. H. WiseExy, Editor, 325 Illinois Building, Champaign, Illinois 
HERBERT P. ORLAND, Associate Editor Dr. F. W. MoniMan, Advisory Editor 
EMILYANNE HAMILTON and BARBARA JACOBSON, Editorial Assistants 


Copyright, 1951, by the Federation of Sewage and Industrial Wastes Associations. Reprints from this Publica- 
tion may be made only if permission of the Editor is secured and on condition that the full title of the article, 
name of the author and complete reference are given. The Federation assumes no responsibility for opinions or 
statements of facts expressed in papers or discussions published in this Journal. 


. 
: 
: 
- 
j an 
a, 
i 
ae 
| 
te 
{ 
J 
Fy 
: 
rae 
: 


SEWAGE AND INDUSTRIAL WASTES 


REEF 


Cluck tome 
DORRCO DISTRIBUTOR | 


against high-rate ORIFICE 

trickling filter requirements SLoTs ORIFICE 
PLATES 

Distributors for high-rate trickling filters have Orne 

to he mechanically right to handle heavy load- 

ings. Check these mechanical features of the 

Dorrco Distributor against those of other units... 


MERCURY SEAL... between rotating and fixed ele- 
ment (1) ... is protected from contact with 
sewage by a positive air seal (2). In case of 
excess surge of pressure sufficient to blow the 
seal, the mercury is caught in an annular drain 
trap (3). 


BEARINGS. ++ Large diameter ball bearing race (4) 
running in oil at base of turntable for stability 
. is easily lubricated (5). Relief ports (6), 
provided for emergency overflow, prevent DUMP GATE ~ 
flooding of bearings under any circumstances. COVER 


ADJUSTABLE ORIFICE PLATES... Two sepa- 
rate sliding plates (7) are bolted one upon 
the other to permit final flow adjustments 
Orifice slots (8) are elongated to minimize 


clogging 


QUICK-OPENING DUMP GATE... provided at 


the end of each arm (9) is opened and closed 


easily by means of the lock bar (10). 


Dorrea Distributors are available with two 
or four arms... having one or two compart- 
ments. On heavy duty units, the arms are of 
fabricated steel plate . . . tapered for better 
hydraulic performance and more uniform dis- 
tribution. The sum total of all these points is 
smooth Dorrco Distributor performance under 


the most severe of operating conditions. 


THE DORR COMPANY - ENGINEERS - STAMFORD, CONN 
Associoted Componies ond Representatives in the principal cities of the world 
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Sewage Works 


AIR DIFFUSION—A VERSATILE TOOL FOR SEWAGE 
AND INDUSTRIAL WASTE TREATMENT * 


By Frank C. Roe 


Development Engineer, The Carborundum Co., Perth Amboy, N. J. 


It is an interesting fact that, through- 
out the past two or three decades of 
development of sewage and waste treat- 
ment, air diffusion has been applied 
successfully to a considerable number 
of processes or stages of such treat- 
ment. This experience might have been 
anticipated, because air diffusion was 
originally conceived and developed as 
an economical acceleration of natural 
purification similar to that accom- 
plished by streams. The method was 
utilized primarily in the early develop- 
ment of activated sludge treatment, 
about which a great deal has already 
been reported. This paper, therefore, 
stresses the application of air diffusion 
to recent modifications of the activated 
sludge process, and also outlines details 
of use on other processes to indicate 
how useful and versatile the method 
has proved to be. 

Following the discovery of activated 
sludge secondary treatment, there was 
a veritable rash of methods and/or de- 
vices claiming ability to provide the 
essential aeration. Most of these 
proved inefficient or ineffective and 
have been discarded. New methods and 
equipment continue to be offered, in 
accordance with a normal American 
custom, although many are modifica- 
tions or ‘‘repeats’’ of former unsue- 
cessful ideas. It is a cogent fact, how- 
ever, that air diffusion, principally 
with porous ceramic media, has sur- 
vived the onslaught of a great many 

* Presented at 1950 Annual Meeting, Penn- 
sylvania Sewage and Industrial Wastes Assn.; 
State College, Pa.; Aug. 23-25, 1950. 


schemes. The use of porous media actu- 
ally has become more efficient through 
the years because of better air distribu- 
tion and unique equipment offered by 
certain equipment manufacturers, 

J. L. Ferebee, chief engineer of the 
Milwaukee Sewerage Commission, once 
told the author that, in his opinion, 
‘‘the best possible degree of sewage 
treatment was not any too good.’’ 
Many of us agree with or admit belief 
in that ideal, but the cost of perfection 
frequently is prohibitive. The policy 
of utilizing a stream or body of water, 
into which effluent is discharged, to the 
fullest extent of its ability to receive 
organic solids without creating nui- 
sanee, usually must be followed. 

The standard activated sludge proe- 
ess utilizing air diffusion now is quite 
universally accepted for conditions re- 
quiring the highest degree of treatment, 
or as close to perfection as practicable. 
Also, it is becoming a practice to use 
aeration by air diffusion of decreasing 
magnitude for progressively lesser de- 
crees of over-all treatment down to the 
level of minimum requirements. Prac- 
tically every step is accompanied nor- 
mally by certain added desirable bene- 
fits or ‘‘dividends,’’ and total cost is 
now usually in line with, or lower than, 
the cost of competitive methods. 

A common denominator that com- 
pletely evaluates all ‘‘stages’’ or meth- 
ods of air diffusion is not available. Re- 
duction of 5-day B.O.D. and suspended 
solids seem to be the best vardsticks 
on the basis of widest use. It must be 
remembered that these results alone do 
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FIGURE 1.—Spiral flow aeration tanks with plate diffusers at right angles to wall, 
West-Southwest plant, Sanitary District of Chicago, III. 


not tell the full story of benefits, especi- 
ally in terms of total cost. 


Activated Sludge 


Present activated sludge practice, 
based on use of the standard process 
applied to normal domestic sewage, pro- 
vides from 90 to 95 per cent reduction 
in 5-day B.O.D. and equivalent removal 
of suspended solids. Air requirement 
naturally varies with sewage strength, 
but is minimized when tapered aera- 
tion is practiced from influent to efflu- 
ent of aeration tanks. 

In the past, when fluctuating loads 
containing a high proportion of indus- 
trial waste have been encountered, the 
process has not performed well. Re- 
cent improvements have overcome this 
experience to a great extent, so that 
analytical results are commensurate 
with other favorable features of the 
process, such as low total cost 
freedom from nuisances. 


and 


One notable advance along this line 
is the development by Kraus (1) of 
digested sludge aeration and mixture 
with return sludge. This has improved 
the ability of the process to take shock 
loads of high B.O.D. strength from 
breweries, paper mills, distilleries, ete. 
The step aeration process developed by 
Gould (2) also shows promise in en- 
abling activated sludge treatment to 
handle widely varying loadings. 

The most notable use of activated 
sludge treatment for industrial sew- 
age exclusively is at milk plants. Re- 
sults are generally satisfactory, and 
costs low (3). 

Aeration tanks in the U. 8S. have been 
of the spiral flow design almost ex- 
clusively. Both diffuser plates and 
tubes (4) have proved efficient for air 
diffusion, and selection is based on eco- 
nomic factors that vary for each job. 
This point will be stressed in the Fed- 
eration’s new ‘‘Manual of Aeration 
Practice,’’ now being prepared. As the 
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jobs become smaller, there is generally 
a definite advantage to the use of tubes. 
Figure 1 illustrates one of the most 
modern diffuser designs for large spi- 
ral flow aeration tanks. 


Modified or Partial Aeration 


Where conditions permit varying de- 
grees of treatment from 90 per cent 
down to, say, 30 per cent reduction of 
B.O.D., with, perhaps, 90 to 60 per 
cent removal of solids, a modified or 
partial aeration process has proved 
quite economical. The most notable 
use is by large cities, such as New 
York and Philadelphia, but there is no 
reason why small cities with fairly 
uniform strength of sewage cannot 
utilize the idea. 

The process is referred to by Chase 
(5) as high-rate activated sludge treat- 
ment. A comprehensive report by Set- 
ter (6) includes results for various re- 
duced aeration periods and varying 
percentages of sludge return. The re- 
port indicates clearly that the process 
is flexible and capable of providing a 
given result at any desired level be- 
low complete treatment. 

Practice on tank design and air dif- 
fusers follows the standards proved for 
activated sludge. 


Contact Aeration 


The secondary treatment process of 
contact aeration (7), as developed by 
Hays more than 10 years ago, has re- 
quired air diffusion by means of porous 
media to accomplish satisfactory re- 
sults. Perforated pipe diffusers were 
used originally to supply air (oxygen) 
to the large contact surface areas, but 
efficiency was not good. Replacement 
with porous ceramic diffuser tubes, sus- 
pended below the contact plates, has 
provided good results with much lower 
air requirement. 

This process has been utilized, for 
the most part, in relatively small 
plants treating domestie or military 
camp sewage. Normally, it consists of 
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two stages of aeration with an inter- 
mediate settling tank. 


Process Oxidation 


A comparatively recent, exclusive 
development of Process Industries, Inc., 
is known as ‘‘Process Oxidation.”’ It 
has been utilized widely and success- 
fully, in California for the most part. 
The principle involves a central inlet 
to a circular aeration compartment. 
Diffuser tubes are suspendetl radially 
from a center column like the spokes 
of a wheel, and revolve with the sludge 
collecting mechanism. 

Oxygenation and flocculation of sol- 
ids takes place in this compartment, 
where general flow is downward, and 
thenee to an annular settling compart- 
ment. Flow is upward in the latter, 
with effluent going over a peripheral 
weir. 

Sludge can be returned from the 
central collecting zone at the bottom to 
the top of the aeration compartment. 
Excess sludge is withdrawn from a 
slightly off-center sump. 

The outstanding feature of this de- 
velopment is its flexibility to handle an 
extremely wide strength range of sew- 
age or industrial waste and meet a 
similar wide range of result require- 
ments. It is apparent that the size of 
each part of the assembly can be varied 
and, of course, air diffusion can be 
adjusted easily, as required. Where a 
high degree of treatment is required, 
‘‘Process Oxidators’’ are placed in 
series. 


Trickling Filter Pre-Aeration 


Although only Fort Worth, Tex., and 
Decatur, IlL.,* are known to the author 
as having used trickling filter pre-aera- 
tion extensively, the idea is a good one. 
It can either increase the capacity of 
trickling filters or enable the combina- 
tion to handle a higher than normal 
B.O.D. loading. The latter was the 
original condition at both Decatur 
and Fort Worth, where corn starch 


Not in use at present, 
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and packinghouse wastes, respectively, 
caused very high sewage strength. 

Again, the aeration period and quan- 
tity of air required will vary with con- 
ditions. Spiral flow tank design is ree- 
ommended. Diffuser plates cemented 
in non-removable holders were used for 
the installations referred to, but sus- 
pension of diffuser tubes, as developed 
at a later date, should be an improve- 
ment. 

This combination process with pre- 
settling can probably develop B.O.D. 
removals up to 90 per cent, with cor- 
responding removal of suspended solids. 


Trickling Filter Post-Aeration 


Supplemental aeration to improve 
normal or high-rate trickling filter 
effluent has been practiced considerably. 
The use of aeration following a high- 
rate filter is termed ‘‘Bio-activation.”’ 
a patented process owned by American 
Well Works. 

Again, the extent of aeration period 
and amount of air used are dependent 
on conditions. Streneth of the filter 
effluent and required over-all B.O.D. 
removal obviously affect requirements. 
Recommended tank and diffuser de- 
signs are similar to those previously 
mentioned for activated sludge aera- 
tion. 


Pre-Aeration with Plain 
Sedimentation 


Pre-aeration as an improvement for 
plain sedimentation is second only to 
activated sludge treatment in the ex- 
tent of use of air diffusion. Relatively 
little has been reported on the process, 
however, outside the 


author’s com- 


prehensive analysis recently published 


(9). Reference to that analysis is sug- 
gested for more complete data cover- 
ing this important type of air diffu- 
sion treatment. The equipment illus- 
trations included therein also are 
pertinent to most of the air diffusion 
processes outlined in this article. 

The principal objectives of pre-aera 
tion, in probable order of originally 
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conceived use, are: grease separation, 
prevention of septicity and/or odor 
control, and flocculation of solids to 
improve removal in settling tanks. It 
is impossible, of course, to avoid a cer- 
tain degree of all three desirable func- 
tions simultaneously, almost regardless 
of the design adopted. <A frequently 
added benefit, when the aeration unit 
is adjacent to settling tanks, is uniform 
distribution of flow and solids to the 
inlets thereof. 

The achievement of a multiple-bar- 
relled result where there may have 
been only a single objective actually 
has proved confusing to many, even 
though the over-all picture generally 
is very favorable. For example, some 
installations with a substantial aeration 
period of, say, 30 or 40 min., handling 
strong will show remarkable 
suspended solids removal and consider- 
able B.O.D. reduction. In contrast, 
other installations with aeration of 5 
to 15 min. and weak sewage will show 
relatively little improvement in solids 
removal, and probably no reduction in 
B.O.D., over plain sedimentation tanks 
alone. Even though satisfactory grease 
separation, as the prime objective of 
the short-period aeration, will have 
been accomplished, a misconception of 
pre-aeration might be established if ef- 
fective flocculation only is considered. 

Evidence of the effectiveness and 
popularity of pre-aeration is the fact 
that so many equipment manufacturers 
now are offering specially designed 
units that utilize air diffuser devices 
as an integral part thereof. The type 
sold by Process Equipment, Inc., has 
been described already. Pacific Flush 
Tank Company has a unique design 
that employs vertical diffuser plates at 
the sidewalls and front end of straight- 
line settling tanks, with sludge collector 
flights traversing the full length. 

Within the past two The 
Dorr Company has developed a cireu- 
lar combination ‘‘ Aerator-Clarifier’’ 
with fixed diffuser tubes in the central 
aeration compartment. 
stallations are providing 


sewage, 


year or 


Several in- 
remarkable 
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flocculation and removal of suspended 
solids with considerable D.O. in the 
effluent. 

Yeomans Brothers Company and 
Lakeside Engineering Company offer a 
circular tank that has a peripheral in- 
let channel with suspended diffuser 
tubes to aerate the tangential flow of 
incoming sewage. This design is called 
the ‘‘Spiraflo’’ because of the vertical 
path taken from bottom inlet to top 
outlet of the settling compartment. It 
is not to be confused with the spiral 
flow course taken horizontally in con- 
ventional aeration tanks from inlet to 
outlet. 

Many pre-aeration tanks of the stand- 
ard conventional spiral flow design 
have been built with suspended diffuser 
tubes. The design is still practical, 
especially when it is desired to accom- 
plish the work in narrow channels lead- 
ine to settling tank units. 


Industrial Waste Treatment 


The potential and actual uses of air 
diffusion in the tremendous and ever- 
increasing field of industrial waste 
treatment are so widespread that an 
extensive paper could be prepared on 
the subject alone. Befitting the outline 
form of this paper, only the following 
brief and general descriptions of 
known successful uses are provided. It 
is probable that detailed data for any 
given waste problem would not apply to 
treatment of waste from a similar in- 
dustry elsewhere. 


Milk Waste 


The most extensive use of air dif- 
fusion has been made in milk waste 
treatment, as previously noted and re- 
ported by Trebler and Harding (3). 
Many of the large dairy companies 
new have treatment plants throughout 
the country that employ activated 
sludge treatment or plain aeration. 
liardheaded economics have dictated 
this extensive use, once it was known 
that satisfactory results could be ob- 
tained. 
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Packinghouse Wastes 


Organic packinghouse waste of very 
high B.O.D., often mixed with domestic 
sewage, has been treated successfully 
by air diffusion methods in several 
places. Muneie, Ind., is a notable ex- 
ample of the use of activated sludge 
treatment. Several pre-aeration plants 
are operated in Minnesota, Iowa, and 
the Dakotas to effect grease separation 
and improve flocculation of solids for 
removal in settling tanks. 


Wool Scouring 


Recovery of grease is a principal ob- 
jective in the treatment of wool scour- 
ing wastes. A 20-min. pre-aeration pe- 
riod and from 0.05 to 0.10 eu. ft. of 
air per gallon of waste normally will 
accomplish economical separation. An 
exemplary unit at Abbot Worsted 
Company, Forge Village, Mass., is re- 
ported to show a profit from the sale 
of grease. 


Tanneries 


Although air diffusion of the char- 
acter indicated for packinghouse and 
wool scouring wastes can be employed 
advantageously at tanneries, the prob- 
lem is more complex due to pH adjust- 
ment. A unit has been operated at 
Gloversville, N. Y., for some time, but 
operating data are not available. 


Cotton Bleacheries 


Aeration has been employed success- 
fully in at least one cotton finishing 
plant in New England; namely, Mans- 
field Bleacheries, Mansfield, Mass. 


General 


Details of the foregoing are neces- 
sarily shallow, but indicate again the 
widespread possibilities of economical 
use of air diffusion. Unquestionably, 
there are many additional sound appli- 
cations in the treatment of industrial 
wastes. One very important point to 
consider in this field is the excellent 
adaptability of porous air diffusers to 
experimental and pilot plant installa- 
tions, which almost always are required 
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FIGURE 2.—Cross-section of aerated grit chamber, 
Link-Belt Company design. 


before a full-scale plant is built. Many 
different diffuser units are available for 
the smallest ‘‘bottle’’ experiments up 
to full-size tank requirements. Sim- 
ple methods of assembly likewise are 
known for each scale of operation. 


Accelerated Stream Reaeration 

The idea of accelerated stream re- 
aeration was developed by Tyler (8) in 
the State of Washington, and by the 
Institute of Paper Chemistry at Apple- 
ton, Wis. It was adapted with consid- 
erable success to the treatment of spent 
sulfite liquor after discharge into a 
natural watercourse, the most notable 
use being on the Flambeau River in 
Wisconsin. It should be suitable for 
continuous or emergency oxygenation 
of small or medium streams where other 
high B.O.D. pollution occurs. 


WFYSE 


The design principle involved simply 
is to suspend a row or battery of porous 
diffusers across the stream, probably at 
the narrowest 
tion. 


(most economical) loca- 
A bridge, tail race, trestle, or 
an anchored barge are possible means 
of support for such a system. 


Grit Separation 

Many experiences and a few studies 
of the air diffusion method of activated 
sludge treatment with spiral flow de- 
signs have established the fact that, 
below a certain horizontal transverse 
tank velocity of about 1.0 ft. per sec., 
the larger inorganic solids in suspen- 
sion in the mixed liquor will settle to 
the tank bottom. It has also been ob- 
served that such grit solids are rela- 
tively clean, due to the washing action 
of air diffusion, and that they will fre- 
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FIGURE 3.—Cross-section of aerated grit chamber, Chicago Pump Company design. 
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quently ‘‘roll’’ towards and accumu- 
late adjacent to the diffusers. 

As a result of these observations, the 
principle was deliberately applied to 
raw sewage grit separation tanks quite 
similar in design to standard spiral 
flow units except that, in most cases, 
hoppers are located below suspended 
diffuser tubes to receive the grit solids. 
Retention periods are usually but a few 
minutes, because only two turnovers 
(minimum) are required at the opti- 
mum velocity to deposit solids. 

Thus far, two equipment companies 
have offered the essential suspended 
diffuser units for grit separation tanks, 
along with a suggested tank design or 
arrangement; namely, Link-Belt Com- 
pany (Figure 2) and Chicago Pump 
Company (Figure 3). Perhaps the 
most important installation of this ap- 
plication to date is at Columbus, Ohio. 
Swing diffusers are used there, and a 
clamshell type bucket is employed to 
remove grit from the hoppers after the 
diffusers are lifted out of position. Sev- 
eral smaller units are in operation that 
employ screw conveyors and water jet 
pumps for grit removal. 

Grit separation units can’ be ex- 
panded, of course, into longer-period 
aeration tanks to accomplish additional 
objectives. This is a way of capitaliz- 
ing on even a small amount of aeration 
when flocculation of organic solids, for 
example, is desired. 


Miscellaneous Applications 


Air diffusion is employed success- 
fully at various sewage treatment 
plants for several functions not di- 
rectly connected to a step of treat- 
ment. Perhaps the most important and 
best known of these uses is channel 
aeration. Although the normal objec- 
tive is to prevent settling and accumu- 
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lation of solids in sewage channels lead- 
ing from one unit to another, it is 
apparent that other benefits or ‘‘divi- 
dends’’ are received, as enumerated un- 
der ‘‘Pre-Aeration.’’ A great many 
plants utilize channel aeration, and all 
large activated sludge plants employ it 
for mixed liquor or return sludge. 

Suspended diffuser tubes generally 
are recommended for channel aeration, 
even though there are a number of ex- 
ceptions. The reason is that it usually 
is necessary to maintain a channel in 
use at all times, whereas one of two or 
more tank units can be taken out of 
service if need be to get at fixed-type 
diffuser units. 

Another good miscellaneous applica- 
tion of air diffusion is in mixing tanks, 
either where chemicals are mixed with 
sewage to aid flocculation of solids, or 
where ferric salts are mixed with 
sludge to aid thickening. 

Air diffusion also has been employed 
a number of times in sludge elutriation 
tanks. The first notable installation of 
this type was at Washington, D. C. 


Conclusion 


Although the foregoing reviews of 
each individual process or operation in- 
volving air diffusion have been brief, 
it is believed that the over-all extent to 
which the method has been employed— 
in other words, its versatility—is im- 
pressive. More complete details, cost 
advantages due to space saving, etc., are 
given in the references cited. 

The primary purpose of this paper 
has been simply to make the point that 
air diffusion is a perfected tool that can 
be used to advantage in the economical 
solution of a great many of today’s 
sewage and industrial waste treatment 
problems. 
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SEWAGE WORKS DESIGN STANDARDS 


At a recent meeting, the Pollution 
Control Council, Pacifie Northwest 
Basin, adopted a code of uniform de- 
sign standards for sewer systems and 
treatment works. The Coun- 
cil also recommended that the ‘‘Sew- 
Works Design Standards,”’ 
piled by its Committee on 
Works Design Standards, be sub- 
mitted to consulting and other inter- 
ested engineers for use during a six- 
month trial period before adoption by 
the various pollution control 
agencies represented. 


sewage 
ave com- 
Sewage 


state 


The standards are intended to serve 
as a basis for uniformity in the design 
and construction of sewage works and 
the review of plans and specifications 
by state pollution control agencies in 
the Pacifie Northwest area. Repre- 
sented on the Council are the states 
of Washington, Idaho, and 
Montana; Province of British Colum- 


Oregon, 


bia; Territory of Alaska; the Division 
of Water Pollution Control, U. S. Pub- 
lic Health and the Public 
Health Engineering Division, Depart- 
ment of National Health and Welfare, 
Canada. 

Included in the standards are sec- 
tions on engineering reports for wastes 


Service; 


disposal projects ; final plans and speci- 


fications for construction; and design 
standards for sewer systems, pumping 
The 


design 


stations, and treatment works. 


design sections give specific 
data, parameters, eriteria, and objec- 
relation to 


phases of construction or operation of 


tives, all in individual 
sewer system and treatment units. 
The standards have been prepared 
in mimeographed form by the Pacific 
Northwest Drainage Office, 
U. S. Publie Health Swan 
Island Building 24, Portland 18, Ore. 
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SOME NEW DEVELOPMENTS IN AERATION * 


I. Pre-Aeration and Aerated Grit Chambers 


By Sranuey E. Kappe anp James B. NEIGHBOR 


Chicago Pump Co., Chicago, Ill. 


During the past few years one of the 
accepted trends in sewage treatment 
has been the use of diffused air pre- 
aeration tanks to reduce the loads on 
secondary treatment processes. This 
has been accomplished by increasing 
the efficiency of primary treatment by 
pre-aeration and by providing greater 
plant flexibility through the use of pre- 
aeration. 


Benefits of Pre-Aeration 


Obvious benefits of pre-aeration, as 
reported by consulting engineers and 
plant operators, can be summarized as 
follows: 


1. Increased reduction of B.O.D. and 
suspended solids in primary treatment 
units by: 


a) Plain aeration. 

b) Waste activated sludges. 

ce) Waste final tank trickling filter 
sludge or underflow. 


2. Increased grease removal in pri- 
mary treatment units. 

3. Sweetening of stale sewage. 

4. Reduction of odors. 

5. Prevention of septic primary 
tanks during periods of low flow. 
6. Treatment of digester 

natant. 
7. Improved flocculation for chemi- 
cal precipitation. 


super- 


Comparatively few data pertaining 
to results obtained from pre-aeration 
are contained in the literature and 
some older references might tend to 


* A symposium of three papers presented at 
35th Annual Meeting, New Jersey Sewage and 
Industrial Wastes Assn.; Trenton, N. J.; 
March 22-24, 1950. 


indicate that the benefits are question- 
able. However, the recent trend indi- 
cates that the previously listed benefits 
are well founded. Currie (1), Gehm 
(2), and others have reported greater 
B.O.D. and suspended solids removal. 
Gunson (3), Parkes (4), and Fales and 
Greeley (5), have reported increased 
grease removal in primary tanks. 
Currie (1) has reported the benefits of 
‘“sweetening’’ stale sewage. Mahlie 
(6), Walker (7), and Currie (1) have 
reported the reduction of odor by pre- 
aeration. 

The amount of increased benefits ob- 
tained by pre-aeration depends upon 
the amount and characteristics of the 
wastes in the sewage, the amount and 
method of application of the air, and 
the design of the aeration and primary 
settling tanks and flow scheme used. 
Results obtained from earlier installa- 
tions are not conclusive and cannot be 
projected in terms of current practice 
because of the increased efficiency of 
modern air diffusion. For example, 
some of the earlier installations con- 
sisted of pre-aeration for several min- 
utes in the feed channels preceding pri- 
mary settling tanks. At the Spring- 
field, Ill., plant this form of pre-aera- 
tion was abandoned because it accom- 
plished nothing. 


Pre-Aeration Design 


Present standards of design call for 


at least 30-min. pre-aeration. The 
“‘Tentative Standards for Sewage 


Works’’ (8), proposed by The Upper 
Mississippi River and Great Lakes 
Board of Public Health Engineers, re- 
quire that when air or mechanical 
agitation (either with or without the 
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use of chemicals) is used for the addi- 
tional purpose of obtaining increased 
reduction in B.O.D., the detention pe- 
riod should be at least 45 min. at de- 
sign flow. 

In application, the pre-aeration tank 
is similar to a standard spiral flow aera- 
tion tank. The amount of air supplied 
depends on the strength and character 
of the sewage, industrial waste, or com- 
bination thereof being treated. The 
minimum should be 0.1 cu. ft. per gal., 
or that amount necessary to maintain 
tank circulation. Tank velocities of 2 
ft. per see. are necessary to prevent 
deposition of solids. This circulation 
velocity is developed when air is sup- 
plied at about 3 ¢.f.m. per lineal foot 
of tank. 

In addition, means may be provided 
for wasting of activated sludge and 
supernatant through this plant unit. 
Further, where large quantities of 
grease or oil are expected, adequate 
skimming devices and grease removal 
facilities should be provided in the pri- 
mary settling tanks. 

The degree of B.O.D. and suspended 
solids removed by pre-aeration depends 
on the detention time, the amount of 
air provided, and the method utilized. 

At Fort McClellan, Ala., plain aera- 
tion of the incoming raw sewage based 
on a 2.5-hr. aeration period and 0.34 
cu. ft. of air per gallon for the first 
month of operation produced discour- 
aging results (9). Mann (10), at Syra- 
cuse, N. Y., found it took 17 days 
before any improvement was_ noted. 
During the second month of operation, 
removals at Fort McClellan increased; 
records available for the following nine 
months showed average removals of the 
primary settled sewage to be 66.3 per 
cent for B.O.D. and 77.8 per cent for 
suspended solids. Without pre-aeration 
the removals were approximately 30 per 
cent. The average 24-hr. flow was 2.89 
m.g.d.; the day-time flow rate was 4.3 
m.g.d., 


giving a day-time aeration pe- 
riod of 1.6 hr. 
found in the 
trace during the early morning hours 


No dissolved oxygen was 
aeration tank, except a 
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when the flow was at a minimum. Re- 
turn of flocculant material from the last 
half of the primary tank was not found 
helpful and means were not available 
to return final tank sludge or liquor 
from the trickling filters. Plain aera- 
tion was provided at this plant to re- 
move 55 per cent of the raw B.O.D. 
and so reduce the load on an existing 
trickling filter. The objective was ac- 
complished. Although D.O. was not 
present in the aeration tank liquor, the 
trickling filter effluent improved ma- 
terially. The effluent was satisfactory 
and contained an average of 3.0 p.p.m. 
dissolved oxygen when the aeration 
tank was in service. The filter effluent 
was very poor when the aeration tank 
was taken out of service and it did not 
eontain any dissolved oxygen. The 
over-all B.O.D. removals of the entire 
plant with pre-aeration increased from 
79 per cent to 95 per cent. These stud- 
ies confirmed Hatfield’s (11) findings 
that pre-aeration allows an increased 
rate on the filters (up to three times 
that of unaerated sewages) and elimi- 
nates odors. 

These studies also are comparable to 
the studies of Blew (12), who found 
that a settling period of 2.1 hr. for 
unaerated sewage gave an average 
B.O.D. removal of 38.5 per cent and 
suspended solids removal of 60 per 
cent, whereas a 1.5-hr. plain aeration 
period with 1 cu. ft. of air per gal. 
followed by 1-hr. settling gave a B.O.D. 
removal of 61.5 per cent and a sus- 
pended solids removal of 75.6 per cent. 


Aerated Grit Chambers 


Another important use of diffused 
air in sewage treatment is the aerated 
grit chamber as developed in the Chi- 
eago Aer-Degritter. Unless the sand, 
geravel, cinders, or other similar ma- 
terial having a high inorganic content 
is removed from the sewage, it causes 
excessive wear On pumps, comminutors, 
and settling tank scrapers. It must be 
pumped to the digesters, reducing their 
capacity and necessitating expensive 
cleaning. 


AS 
: 
: 
33 ¥ 
2 
{ 
: 
7 
{ 
x 
— 


Vol. 23, No. 7 


It has been recognized for some time 
that a grit removal system which sepa- 
rates washed grit from the sewage 
would be advantageous in the line of 
flow ahead of comminutors. Usual 
practice has been to install the grit 
removal system after the comminutors 
to avoid the possibility of rags inter- 
fering with the operation of the con- 
ventional grit collecting equipment. In 
addition, economic considerations have 
prohibited the placing of conventional 
grit chambers ahead of raw sewage 
pumps. 

The Chicago aerated grit chamber 
has been developed to provide a system 
of grit removal which can be installed 
ahead of comminutors, raw sewage 
pumps, and other mechanical equip- 
ment so that maximum protection may 
be given to these units by removing a 
clean washed grit that will be useable 
for fill without creating a nuisance. 
The principle involved is not new. Grit 
chambers of this type have been in 
successful operation for many years. 
The sewage treatment plant at Ham- 
mond, Ind., has been using a grit cham- 
ber operating on this principle for some 
ten years. 

Grit can be made to settle in a spiral- 
flow aeration tank and will accumulate 
beneath elevated air diffusers mounted 
along one of the longitudinal walls of 
the tank. In some of the installations 
where this occurred it was considered 
a nuisance. 

In application, the aerated grit 
chamber is similar to a standard spiral 
flow aeration tank with air diffusion 
tubes located on one side approxi- 
mately 2 ft. above the bottom of the 
tank. Hoppers are provided beneath 
the swing diffusers for collecting the 
erit (Figure 1). Swing diffusers are 
used because of their accessibility for 
servicing and other advantages over 
submerged fixed diffuser systems. Flow 
enters the tank at the opposite end 
from the effluent weir and in a direction 
to coincide with the roll of the tank 
contents, thus avoiding short circuiting. 
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When the sewage flows into the tank 
the grit particles will tend to settle to 
the bottom at rates affected by the 
particle size and by the velocity of roll 
in the tank, the roll being controlled 
by the rate of air diffusion through the 
tubes and by the shape of the tank. 
The heavier particles, with their cor- 
respondingly higher settling velocities, 
drop to the bottom, whereas the lighter 
organic particles are carried with the 
roll and eventually out of the tank. 


Action of Aerated Grit Chamber 


Studying the action of a single par- 
ticle of grit, it will be seen that as 
it follows the roll along the bottom of 
the tank it will have a tendency to leave 
the flow and settle to the bottom. If 
the particle starts through the tank on 
the outside of the spiral, it will settle 
on the first roll; whereas, if it starts 
toward the inside of the spiral, it may 
require three or four rolls to reach the 
periphery of the flow, make contact 
with the tank bottom, and settle. If no 
short circuiting occurs, the only par- 
ticles that do not settle must be such 
that the velocity of the roll will retain 
them in suspension and carry them out 
with the effluent. Thus, the features of 
an effective grit removal system must 
be such as to eliminate the possibility 
of short circuiting, yet create velocities 
that will carry organic material while 
washing and settling the heavy inor- 
ganics. 

The physical design of the tank pro- 
posed and the relative positions of the 
inlet port and outlet weir overcome the 
possibility of short circuiting. Further, 
the continuous roll of the tank contents 
promotes an equal detention period for 
all portions of the flow. 

It has been shown that a grit removal 
system that will remove sand 0.2 mm. 
(0.008 in.) in size will effectively pro- 
tect pumps from heavy wear and pre- 
vent deposits in downstream units. 
Particles of this size are carried with 
the roll to the tank bottom, where the 
velocity is great enough to wash them 
toward the grit hopper. Because the 
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FIGURE 1.—Aer-Degritter (Chicago Pump Co.) provides sump under aeration tubes 
where washed grit accumulates. 


required lifting velocity for the grit 
particles is not present, the particles 
are settled along the edge of the tank, 
under the air diffusers, where they col- 
lect in the hopper. 

Data indicate that flow velocities in 
the rate of 2 ft. per sec. are developed 
in aeration tanks with air supplied at 
a rate of 3 cfm. per foot of tank 
length. Also, it has been determined 
that a velocity of 0.75 ft. per see. is 
required to move sand of 0.2 mm. size 
along the tank bottom. At this velocity 
the sand will be rolled along the tank 
bottom toward the hopper. This ac- 
tion provides the additional washing 
effect, which assures clean grit from 
the system. 


Additional data indicate that a ve- 
locity of 6 ft. per sec. is necessary to 
start an upward vertical movement of 
sand particles. This fact, coupled with 
the additional resistance to upward 
movement caused by the sharp turn at 
the tank edge, results in the desired 
settling to the hoppers. 

The lighter organic materials are 
held in suspension by the velocity of 
2 ft. per see., which is more than suffi- 
cient for this purpose, and are carried 
out of the tank with the flow. The 
scouring action, as the grit is rolled 
along the tank bottom, loosens any or- 
ganic material adhering to it. 

Complicated control of velocity is 
not required, as the velocity of cireu- 
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lation is dependent upon the rate of 
air flow. Variations of flow through the 
tank are of little importance. 

The tanks needed for the aerated 
grit chamber have an average deten- 
tion period of about 1.1 min. at peak 
flow for flows above 10 mg.d. For 
lower flows a minimum tank size is re- 
quired. Standard cross-sections similar 
to those used for aeration tanks up to 
30 ft. in width and of 15 ft. water 
depth may be used. The larger cross- 
sections are more economical for use 
in large plants. For a plant having a 
peak flow of 100 m.g.d., a tank 20.5 ft. 
wide, 11.5 ft. deep, and 50 ft. long 
would be feasible. For a flow of 200 
m.g.d. a suggested tank size would be 
30 ft. wide by 15 ft. deep by 70 ft. 
long. For flows larger than 200 m.g.d., 
multiple-tank installations should be 
used. 

Air may be supplied at the rate of 
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3 ¢.f.m. per foot of tank by a separate 
blower or the air supply may be taken 
from the blowers used in the aeration 
tank. 


Grit Removal 


Several methods may be employed 
for removing the grit from the hopper. 
At one installation the grit is removed 
by a 3¢-cu. yd. clamshell bucket on a 
traveling crane and placed in trucks 
for hauling to the dump site. An air 
lift may be used for removing the grit 
from the hopper where the height to 
which the grit is to be lifted does not 
exceed 5 to 10 ft. above the water sur- 
face of the tank. 

A jet pump may be used to remove 
the grit from the tank in installations 
where it is desired to raise grit to 
heights exceeding the lifting power of 
an air lift. When jet pumps are uti- 
lized the size of particles which it is 
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FIGURE 2.—Aerated grit chamber at Columbus, Ohio, provides four channels (two in 
use while two are being cleaned) for 160-m.g.d. design flow. 


a 
A 


838 


expected to remove from the tank can- 
not be greater than the opening in the 
jet pump. Hence, the jet pump open- 
ing should be as large as is economically 
possible, taking into account the source 
and amount of water available to oper- 
ate the jets. 

Where jet pumps or air lifts are 
utilized the grit may be dewatered in 
small plants by running the washed 
grit and water to a decanting chan- 
nel or to a sand and coarse gravel bed. 
For larger plants an elevated tank is 
recommended for separating the water 
from the grit, the water being returned 
to the tank and the grit being stored 
in the tank for removal in trucks to 
the dump site. Where elevated de- 
watering devices are used, a jet pump 
is required. 

Some of the Chicago Aer-Degritter 
installations are at Oildale, Calif. ; Co- 
lumbus, Ohio; Tomah, Wis.; Bellaire, 
Tex. ; North Hempstead, N. Y.; and Se- 
dalia, Mo. These installations are giv- 
ing excellent service. Many other in- 
stallations are proposed and are now 
in the planning stage. 

The aerated grit chamber at Co- 
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lumbus, Ohio (Figure 2), was placed 
in operation in the spring of 1949. 
It is designed to handle a flow of 160 
m.g.d. and consists of four tanks, 43.75 
ft. by 19.75 ft. by 13 ft. water depth. 
Aeration is provided by Precision tubes 
mounted on swing diffusers. The air 
supply is provided by two 500-c¢.f.m. 
positive displacement blowers. Grit 
removal is by a %¢-eu. yd. clamshell 
bucket operated by a 3-ton bridge 
crane of 60-ft. span. The grit is dis- 
charged to trucks for disposal as land 
fill. 

The grit chambers are operated half 
at a time, making the average detention 
period under actual operating condi- 
tions from 1.5 to 1.75 min. An ex- 


amination of the grit at the dump site 
shows it to be free from organic ma- 
terial and presenting no odor problem. 
An analysis of the grit removed at 
Columbus shows 5 per cent passing a 


100-mesh sieve, 15 per cent passing a 
50-mesh sieve, and 50 per cent passing 
a 20-mesh sieve. Results of Dazey 
Churn putrescible solids tests, to date, 
have shown less than 0.5 per cent on 
all samples tested. 
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II. Jet (Impingement) Aeration 


By J. R. Sperry anp J. D. WALKER 
Walker Process Equipment, Inc., Aurora, Ill. 


Since the inception of the art of 
sewage treatment, aeration of sewage 
has been a major problem. Basically, 
it has been applied principally to the 
activated sludge process, inasmuch as 
the aeration bays are the major func- 
tional part of the process. Activated 
sludge process design and operation 
technique has developed considerably 
and is on the verge of a new popular 
trend. Short-period aeration bids to 
assume the same relative position as 
has the high-capacity filter in its realm. 
Aeration is taking a more prominent 
place in pretreatment of sewage and 
industrial wastes. Pretreatment is now 
being applied to digester supernatant 
to alleviate anaerobic load on all forms 
of aerobie secondary treatment. 


Aeration Development 


The first concept of aeration was 
through mechanical or natural means. 
English inventors came out with all 
kinds of mechanical aerators, most of 
them having to do with surface film 
agitation. They made a great splash, 
but most of them could not combine 
tank turnover and aeration in sufficient 
quantity to properly maintain aerobi- 
cally the high amounts of activated 
sludge solids ordinarily carried in 
American practice. 

It might be pointed out that this 
English surface aeration practice 
(called by them ‘‘bio-aeration’’) was 
closely akin to our own ‘‘short-period 
aeration’? and mechanical aeration. 
The latter only carries 1.5 lb. of acti- 
vated sludge in the mixed liquor to 
treat each pound per day of applied 
B.O.D. in comparison to the 4 Ib. car- 
ried by conventional nitrifying plants. 

Although the initial emphasis was on 
mechanical aeration, compressed air 
was also used. At first, pipes were 


drilled with holes for dispersion of the 
air. Later, porous plates were used and 
gave finer diffusion. The old ridge and 
furrow aeration bays with porous plates 
could carry as high as 6,000 to 8,000 
p.p.m. activated sludge solids and show 
good dissolved oxygen residual. 

Developments in the United States 
improved mechanical aeration consider- 
ably, with the down-draft type of 
aerator as the peak of mechanical de- 
velopment. This aerator entrains and 
diffuses considerable quantities of very 
finely divided air bubbles. Improve- 
ments in porous plate holders and de- 
velopment of the porous tube improved 
compressed air type aeration. Spiral 
flow tanks with compressed air tubes 
or plates are in common use today. 


Impingement Type Aeration 

Experience in the operation of acti- 
vated sludge plants has always strongly 
indicated that aeration by porous tubes 
or plates could be considerably im- 
proved. Porous mediums have always 
had a tendency to clog, build up back 
pressure on the blowers, and eventu- 
ally head the blowers up to a point 
where they consumed excessive power 
and would cease to pump sufficient air. 
The plates and tubes would then have 
to be laboriously cleaned; they would 
generally never regain their original 
operating characteristics. This con- 
stant maintenance and gradual rise in 
air compression power consumption has 
been characteristic of this type of aera- 
tion, although, of course, there are some 
exceptions. In desperation, some oper- 
ators have reverted to air dispersion 
holes drilled in pipe manifolds and 
laterals. 

In addition to cleaning maintenance 
with tubes and plates, expensive air 
filtering refinements had to be used to 
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FIGURE 1.—Diffusair equipment in one aeration bay, Hyperion plant, Los Angeles, Calif. 


send a clean, non-clogging air down to 


the tubes and plates. Recently one 


company has attempted to develop a 
revolutionary type of diffusion tube 
that would take the place of and elimi- 
nate some of the disadvantages of the 
older porous tube. 


Observing the many problems with 
diffusion, Walker 
Equipment, Inc., developed impinge- 
ment aeration. The concept of trouble- 
Was an 


porous Process 


free aeration aerator, using 
compressed air, that would be suitable 
for modern tank design and yet might 


avoid some of the troubles of porous 


medium air diffusion. The aerator was 
to require no air filtering, use less or at 
least no more power than has ordinarily 
been employed, and be virtually clog 
proof. It is believed that this has been 
accomplished ! 
Impingement equipment 
more Diffusair’’ 
manifolds placed in the aeration tank. 
The Diffusair manifold comprises an 
air header on the bottom and a parallel 
recirculated tank liquor header over 
the air header (Figure 1). At uni- 
form centers (about 24 in.) impinge- 
ment dishes are placed on the air head- 


aeration 


consists of one or 
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ers. Above the dishes and mounted on 
the liquor headers are tapered nozzles 
which discharge the recirculated liquor 
against the dishes. The air is released 
through four relatively large-size (74. 
in. diameter) high-velocity orifices 
drilled into a cone built into the center 
of the impingement dish. The imping- 
ing of liquor on the dish causes cavita- 
tion, physical contact, and shearing be- 
tween the two masses (air-water) im- 
mediately above the impingement dish. 
Extremely fine air bubbles are thus 
produced (Figure 2). Diffusair mani- 
folds can produce finer bubbles than 
any other form of air diffusion. How- 
ever, usually it is only desirable to 
produce bubbles comparable in fineness 
to 30-permeability diffuser plates. If 
desired, dust-like fineness can be pro- 
duced, as in the case of CO, diffusion. 
Diffusair assembly lengths are generally 
30 to 40 ft. The headers are generally 
3 in. in diameter and are supported on 
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integral structural steel supports from 
the tank bottom. 


Tank Liquor by Air Lift 


Impingement water is usually sup- 
plied by the use of low-head air lifts, 
generally one to each Diffusair mani- 
fold. Tank liquor is recirculated from 
within the tank back to the impinge- 
ment nozzles. Inasmuch as the water 
pressure required at the nozzle is 1.5 
lb. per sq. in., the air lift is a rela- 
tively efficient pump, since the lift is 
only 3 ft. Approximately 30 per cent 
of the air used to operate the air lift 
is reintrained back into the tank as 
liquor flows through the discharge 
downcomer leg of the air lift. An im- 
portant advantage in using the air lift 
is the ability to reverse the air-lift 
air from the riser to the discharge side, 
causing a reversal of flow through the 
nozzle, thus easily backwashing the 
tapered impinger nozzles. Any solids 
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FIGURE 2.—Diffusair equipment in operation, Leffingwells plant, Kirkwood, Mo. - 


842 


which might temporarily clog the noz- 
zles are thus flushed out by virtue of 
this flow reversal and the wide tapered 
design of the nozzle. This is a very 
important operational feature. The 
air lift itself has no moving parts and 
for the heads involved is about as effi- 
cient as a non-clog pump and conse 
quently better applied. 

In application to activated sludge, 
each individual impinger is rated at 
from 6 to 10 ¢.f.m. of air. Each nozzle 
(5¢ in. diameter) employs 15 g.p.m. of 
recirculated liquor. State Board of 
Health standards as to total air require- 
ments are followed, although duplicate 
blowers are recommended to take ad- 
vantage of all economies designed in 
the impingement aeration equipment. 
There are minimum air requirements 
necessary to keep activated sludge in 
suspension (approximately 5.0 e.f.m. 
per 1,000 cu. ft. of aeration tank vol- 
ume). 

The size of the air bubble diffused 
by this apparatus can be varied by 


varying the velocity of impingement 
water. Generally, however, the size of 
bubble diffused is ordinarily slightly 
smaller than that from a 30-permeabil- 
ity tube, for aeration tank oxidation 
is as much a matter of air-lift circula- 


tion as of oxygen absorption. The air 
can be practically atomized to a mist 
if required. There are maay applica- 
tions and variations with this type of 
equipment. When applied to absorb 
carbon dioxide in lime water softening 
plants using lime, 95 per cent absorp- 
tion of CO, can be obtained. In this 
case, 4 e.f.m. of gas per impinger is 
used and the nozzle (14 in. diameter) 
will discharge 10 g.p.m. at about 4 Ib. 
per sq. in. 

Very accurate oxygen absorption 
studies were made, both on porous 
tubes and impingement aeration. Wa- 
ter in a test tank was charged with 
sodium sulfite, depleting all the oxy- 
gen and building up a sodium sulfite 
residual. This residual was then re- 
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duced by aerating the tank contents 
alternately with impingement aeration 
and porous tubes under the same con- 
trolled conditions. The tests revealed 
the Diffusair’s ability to produce effi- 
cient finely divided air. A great many 
of these tests were made—impingement 
aeration was actually tested for two 
vears before being released for sale. 

At the sewage plant of the Aurora 
({ll.) Sanitary District there is an out- 
standing installation showing the de- 
pendability of impingement aeration. 
Two sets of impingement Diffusair as- 
semblies, each 45 ft. long, complete with 
air lifts, are installed in a pre-aeration 
tank. Sewage influent to this tank 
passes through a bar screen with 1-in. 
spacing; thus it contains many more 
large solids than would be found in an 
activated sludge tank bay. The aeration 
equipment is operated during the sum- 
mer months to condition the sewage for 
primary settling and to oxidize hydro- 
gen sulfide. The impingement aeration 
equipment operated under this severe 
condition during the summer of 1949. 
When it was shut down in the late fall 
clogging of the impinger nozzles was 
negligible and there had been no air 
pressure build-up. The blowers oper- 
ate with a simple inlet muffler-filter. 

In sewage treatment, impingement 
aeration can be applied to pre-aeration, 
grit chambers, and activated sludge 
with absolute assurance of 
freedom from clogging and arduous 
cleaning. In industrial waste treat- 
ment, due to its flexibility in oxygena- 
tion intensity, impingement aeration 
has many applications where high oxy- 
gen dissolving efficiency is required. 
Chlorine, CO., and other gases can be 
diffused and more efficiently absorbed 
by means of Diffusair equipment. The 
equipment can be manufactured of 
special materials as the case might re- 
quire; the impingement liquor can be 
applied by air lift or low-head cen- 
trifugal pump. 
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III. The Aero-Accelator—Pilot Plant Studies 


By F. A. Emsness 
Infileo Inc., Philadelphia, Pa. 


The Aero-Accelator as developed by 
Infileo Ine., is a single-unit apparatus 
for treating screened raw sewage by 
the activated sludge process. In the 
design of this unit there have been 
adapted the well-proven principles of 
mixing and solids separation as is used 
in the Accelator in water softening and 
clarification. The general construction 
of the Aero-Accelator, as shown in Fig- 
ure 1, is very similar to the water-treat- 
ing Accelator, of which there are many 
hundreds of installations ; the principal 
difference is the incorporation of a me- 
chanical air-disperser, which mixes the 
incoming sewage and air throughout 
the entire mass of activated sludge pres- 
ent in the unit. This activated sludge 
volume occupies about two-thirds to 
three-fourths of the entire volume of 
the Aero-Accelator basin. 

The use of an Accelator type of ap- 
paratus in sewage treatment is not new. 


For instance, there are two 6-m.g.d. 
Accelators in operation at the sewage 
treatment plant at Daytona Beach, 
Fla., where the treatment consists of 
mixing the raw sewage with water 
softening sludge that is available from 
the water plant, maintaining a heavy 
slurry of this mixture of carbonate and 
suspended solids in the sewage and 
utilizing the famous principle of dy- 
namie separation in the Accelator to 
obtain clarification in a single 1-hr. 
basin. In other words, the raw sewage 
with the carbonate enters the Accelator, 
where the contact and mixing permits 
rapid absorption of the grease and 
colloidal organic matter on the calcium 
carbonate particles, and then the clari- 
fied sewage separates from the cireu- 
lating slurry. This plant has been 
described in the engineering literature 
in the past several months and data 
have been obtained which indicate a 
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suspended solids reduction of the order 
of 97 per cent and a B.O.D. reduction 
of 60 to 65 per cent. This is quite 
remarkable treatment to obtain in a 
single 1-hr. treatment basin. However, 
it is very important that this type of 
chemical coagulation not be confused 
with the Aero-Accelator treatment 
process, which is entirely a biological 
process. 

Since the construction of the Day- 
tona Beach Accelators, further experi- 
mental work has indicated that it would 
be quite advantageous if in such a 
chemical coagulation Accelator a small 
amount of air was added with the raw 
sewage and dispersed in the slurry 
maintained in the Accelator. This 
would insure that aerobic conditions 
would be maintained at all times in 
the Accelator, which might be difficult 
if the sewage was somewhat septic as 
it came to the plant, and would assist 
in the removal of certain odors, and 
help in the general flocculation and 
removal. This addition of a 
small amount of air, amounting to 
about 0.1 or 0.2 cu. ft. per gallon of 
sewage treated, would not be a very 
significant additional expense, and is 
a most worth-while adjunct to the 
chemical treatment process. Again, it 
should be repeated that the addition of 
this small amount of air will not pro- 


grease 


duce any significant improvement in 


either suspended solids reduction or 
B.O.D. reduction, and certainly the 
small amount of air added would not 
be sufficient for maintaining biological 
treatment of the activated sludge type. 

Although the Daytona Beach type 
of chemical treatment with the addition 
of air is accomplished in a structure 
which is identical to the Aero-Accelator, 
the retention time and the amount of 
air used is considerably different in 
the Aero-Accelator from that used in 
the chemical coagulation Accelator. It 
is important that this basic difference 
between the two treating processes be 
recognized. The Aero-Accelator ex- 
tensive pilot plant studies at Elmhurst, 
Ill., Sioux Falls, S. D., and Austin, 


SEWAGE AND INDUSTRIAL WASTES 


July, 1951 


Tex., have indicated that domestic sew- 
age of average strength (200 to 250 
p.p.m. of B.O.D.) can be treated in an 
Aero-Accelator having a total reten- 
tion time of about 2.5 hr. and produce 
an effluent having a B.O.D. of about 25 
p.p.m. and suspended solids of a similar 
order of magnitude. This 2.5-hr. treat- 
ment would replace the ordinary clari- 
fier, the aeration basins, and the final 
clarifier. 

It should be noted, as indicated in 
Figure 1, that the Accelator principle 
of rapid and intense mixing of the in- 
coming liquid with the previously 
formed solids in the primary mixing 
chamber, and the circulation of this 
mixture in such a manner that the 
treated liquid is separated from the 
solids without allowing any of the sol- 
ids to settle is the key to the action 
and results obtained in the Aero-Ac- 
celator. A mechanical type of mixer 
is used, the shearing action of the re- 
volving multi-bladed rotor being such 
that large bubbles of incoming air are 
broken up and dispersed into very fine 
bubbles throughout the entire mass of 
slurry in the primary mixing chamber. 
The bubbles then rise vertically up the 
center tube and escape at the surface. 
However, because of the presence of 
the air-liquid mixture in the center 
tube, there is produced a circulation of 
the mixture due to the ‘‘air-lift’’ action, 
the circulation being at a rate several 
times that of the throughput of sewage 
being treated. In other words, solids 
from which the treated liquid has sepa- 
rated are recirculated in the form of 
a suspension into the main mixing 
chamber rapidly enough so that there 
is very little oxygen depletion in the 
circulating slurry. In one part of the 
tank, for about a 30° sector, there is 
no return of slurry, which is collected 
in a concentration section. The slurry 
entering this concentrator settles and 
thickens for final disposal and is never 
again used in the process. The slurry 
concentration can be controlled by ad- 
justment of the wastage from the con- 
centrator. 
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It has been thought advisable to use 
the term ‘‘activated slurry’’ in de- 
scribing this treatment process instead 
of the phrase ‘‘activated sludge,’’ as 
the latter phrase has always been as- 
sociated with the method of treatment 
where solids in the mixed liquor are 
allowed to settle and then are returned 
for mixing with incoming sewage. The 
term ‘‘sludge’’ usually means settled 
solids. Because the solids in the Aero- 
Accelator are continually being used in 
the treatment process, it is believed that 
the term ‘‘slurry’’ is more appropriate. 
Only the solids that enter the concen- 
trator for final disposal are referred 
to as sludge. 


Pilot Plant Results 


The pilot plant that has been used 
for carrying on the initial investiga- 
tive work has a liquid capacity of some 
2,300 gal. and was first set up at the 
sewage disposal plant in Elmhurst, IIL, 
about two years ago. Treatment rates 
up to 20 g.p.m. were run through this 
pilot plant, and because the strength 
of the sewage was somewhat below aver- 
age it was possible to obtain good treat- 
ment with a retention time of only 
about 2hr. It should be noted that the 
Aero-Accelator design is such that it 
is possible to control the mixing and 
agitation independently of the amount 
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of air used. Also, the adjustable sleeve 
at the top of the inner tube permits 
control of the rate of recirculation of 
the slurry independently of the rate of 
agitation or the amount of air used. 
This independent control of agitation 
and air is another very important fea- 
ture of the Aero-Accelator. The pilot 
plant at Elmhurst was operated practi- 
cally continuously for a period of about 
4 months and data were collected on 
B.O.D., suspended solids, air used, and 
suspended solids and the MohlIman in- 
dex of the circulating slurry. Samples 
were collected every 2 hr. and com- 
posited for analysis over a 24-hr. pe- 
riod. In Table I the important data 
obtained from this pilot plant investi- 
gation are summarized; the data shown 
are averages of 24-hr. composite sam- 
ples from certain selected periods of 
operation when the Aero-Accelator was 
operating in a fairly stable manner 
efter some change had been made such 
as in the rate of flow, the agitator speed, 
or in the amount of air supplied. It 
should be noted that the amount of air 
used for this particular sewage, which 
was somewhat on the weak side, varied 
from about 0.3 to 0.5 eu. ft. per gallon 
of sewage treated. The effluent B.O.D. 
and suspended solids value averaged 
below about 25 p.p.m. It should be 
noted that these pilot plant studies 


TABLE I.—Summary Averages of Elmhurst, Ill., Pilot Plant Data 


Raw Sewage | Effluent Slurry 
Sewage No. Reten- Air (p.p.m.) (p.p.m.) Sewage 
Flow of tion Temp. 
(g-p.m.) |Samples'| (hr.) (°C.) 8.8. Mohlman 
B.O.D.| 8.8. | B.O.D. | 8.8. | D.O. (p.p.m.) ndex 
(a) No Catctum CarRBONATE ADDED 
10.4 4 3.70 3.6 134 127 24 26 2.3 12 512 231 
13.6 14 2.80 6.4 192 208 20 26 4.3 9 1,446 95 
19.7 5 1.95 7.0 135 172 15 12 2.7 10 3,748 136 
(b) 50 P.p.m. CARBONATE ADDED 
| 
13.6 8 2.80 6.6 126 123 18 33 6.1 7 4,481 57 
19.7 10 1.95 7.2 121 132 16 26 2.8 9 6,077 88 


24-hr. composite samples. 
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were carried on at 
about 10° C. 

In order to verify whether, if caleium 
carbonate or water softening sludge is 
added to the sewage, biological treat- 
ment could still be employed, some tests 
were made with the Elmhurst pilot 
plant Aero-Accelator, while adding 
about 50 p.p.m. of calcium carbonate to 
the incoming unsettled raw sewage. 
The principal visual influence of the 
carbonate was that it gave a very fast 
settling, dense slurry capable of with- 
standing high agitation and circula- 
tion rates. The latter, of course, is 
quite desirable when it is realized that 
higher agitation speeds of the mechani- 
cal disperser produce better and quick- 
er contacting of the incoming raw sew- 
age and air with the activated slurry. 
The caleium carbonate has consider- 
able affinity for oil and greases and it 
was quite apparent that when it was 
being used there was no visual evidence 
of any grease or oil in any part of the 
Aero-Accelator. The dewatering char- 
acteristics of the sludge obtained from 
the Aero-Accelator when the carbon- 
ate was being used were considerably 
better than when it was absent. In 
other words, it appeared that the ad- 
dition of calicum carbonate in the order 
of, say, about 1 to 3 of carbonate to 
organic solids had no deleterious ef- 
feet upon the treatment and, if any- 
thing, improved it. It appeared that 
when certain operating conditions were 
not proper, such as inadequate air 
supply, and there was a tendency for 
the slurry to bulk, the use of caleium 


a temperature of 
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carbonate was especially advantageous. 
Bulking never occurred very seriously 
when ealeium carbonate was used, even 
when the operating conditions were not 
proper. In other words, it appears that 
the calcium carbonate affords a good 
buffering influence as far as operation 
of an activated sludge treatment plant 
is concerned. 

After completion of the pilot plant 
studies at Elmhurst it was realized 
that further data would have to be 
obtained, as the sewage treated at Elm- 
hurst was appreciably below average 
strength. Early in the fall of 1949 
Aero-Accelator pilot plant installations 
were made at Sioux Falls, S. D., and 
Austin, Tex., the pilot plant used be- 
ing similar in dimensions to that at 
Elmhurst. The domestic sewage at 
Sioux Falls had only minor industrial 
wastes in it, and for practical purposes 
could be considered as fairly typical 
domestie sewage, somewhat on the 
strong side. The variation in the B.O.D. 
at Sioux Falls was somewhere from 
about 100 p.p.m. during the night to 
400 to 500 p.p.m. during the period of 
strong sewage flows during mid-day. 

At Austin, Tex., there was a similar 
variation. There were times when the 
B.O.D. for one or two hours during the 
day would rise to 600 p.p.m. or more, 
due to the discharge from a small 
slaughtering house. The experiments 
and analysis of data at Sioux Falls 
and Austin are not complete as yet. 
However, some average preliminary 
data obtained at these two pilot plant 
installations are given in Tables IT and 


TABLE II.—Summary Averages of Austin, Tex., Pilot Plant Data 


No. of Retention Air 


Samples! (hr. e.f.m 


1 24-hr. composite samples. 


Raw Sewage (p.p.m.) Effluent (p.p.m.) 


B.O.D. 8.8. | 


B.O.D. | 


175 
173 
220 
178 
188 


Ee 
3 
; 
-§ 
3 
: 
- 
Sewage Flow | 
S.s. 
| 
8 4.7 10.0 224 12 12 
10 3.7 9.3 175 26 19 
12 5 3.0 13.0 187 20 15 
ek 15 9 2.3 11.6 184 24 26 é 
coy 20 2 1.9 12.0 184 40 36 ; 
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TABLE III.—Summary Averages of Sioux Falls, S.D., Pilot Plant Data 


Raw Sewage (p.p.m.) | Effiuent (p.p.m.) 


Sewage Flow No. of Retention Air 

(g.p.m.) Samples! (hr.) (c.f.m.) 

4 1 9.3 15.0 

6 1 6.2 15.0 

10 4 3.7 13.8 

13 I 2.9 8.0 

15 2 2.3 15.0 

18 1 2.1 15.0 

20. 2 1.9 9.0 

| 


B.O.D. | 5.8. | B.O.D. 8.8. 
430 | 270 | 35 18 
| we 30 26 
266 278 28 34 
199 | 261 | 21 28 
310 | 241 | 33 37 
230 | 290 35 22 
250 300 | 31 36 


!24-hr. composite samples. 


III. The data obtained at Sioux Falls 
indicated that the pilot Aero-Accelator 
operated at flows varying from 4 to 20 
g.p.m., which gave retention times in 
the unit from 9.3 to 1.9 hr. The B.O.D. 
in the effluent averaged between 20 
and 35 p.p.m. and the suspended sol- 
ids from about 20 to 40 p.p.m. In 
general, it did appear that the Aero- 
Accelator could be operated on this 
relatively strong domestic sewage at 
total retention times of about 2.5 hr. 
The amount of air used was somewhat 
higher than that which was used at 
Elmhurst, and for maintaining a dis- 
solved oxygen content in the effluent 
of about 1 to 2 p.p.m. it was necessary 
to provide about 0.6 to 0.75 eu. ft. of 
air per gallon of sewage treated at 
Sioux Falls. 

Most of the data obtained to date in 
Austin have been for rates of flow be- 
low 15 g.p.m., which gives a retention 
time in the Aero-Accelator of about 2.3 
hr. Note that the average strength of 
the sewage treated at Austin was such 
that the 24-hr. composite B.O.D. was, 
in general, not much over 200 p.p.m. 
There was no difficulty in obtaining an 
effluent of 25 p.p.m. B.O.D. and less 
for treating rates which gave retention 
times from 2 to 3 hr. The periodic 
slugs of slaughterhouse wastes have 
caused some difficulty at Austin. It 
appears that it is necesary to provide 
a more uniform organic load on the 
Aero-Accelator in order to prevent 
slugs of slaughterhouse wastes from 


causing difficulties; this can best be 
done by returning a very small quan- 
tity of supernatant from the plant di- 
gesters. In fact, the improvement when 
adding an extremely small quantity of 
supernatant from the digesters is so 
striking that one is amazed. However, 
detailed technical reasons why digester 
supernatant should improve the opera- 
tion of a biological plant operating 
aerobically are beyond the scope of 
this paper. 

From the data obtained from the 
pilot plant installations mentioned it is 
believed safe to say that the Aero-Ac- 
celator can treat raw, screened sewage 
of the domestic type at a total reten- 
tion of about 2 to 3 hr. if the average 
B.0.D. does not exceed about 250 p.p.m. 
A blower capacity should be provided 
such that there is an air supply avail- 
able of about 0.25 to 0.75 eu. ft. per 
gallon of sewage treated at maximum 
flow. The exact amount of air neces- 
sary will depend, of course, on the 
strength of the sewage. 


Conclusion 


In conclusion, it should be re-empha- 
sized that the Aero-Accelator utilizes 
the well-known activated sludge proc- 
ess of treating sewage and wastes in 
a manner that is different from the 
conventional methods, which usually in 
practice consist of a cyclic process of 
consecutive steps of mixing, aeration, 
and settling. In the Aero-Accelator the 
mixing of raw sewage and air with 
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previously formed biological solids and 
the separation of treated and clarified 
liquid from the slurry mixture is more 
or less a simultaneous, unit operation. 
Extensive investigations large- 
scale treating units handling the sew- 
age as it arrives at various treating 
plants have indicated that the Aero- 
Accelator does most certainly produce 


using 
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oxidation by biological action in a 
much efficient manner than is 
possible in equipment previously used, 
and that proper clarification of the 
mixed liquor in the circulating slurry 
can be obtained without the need of 
settling the biological organisms in a 
separate clarifier where they become 
depleted of food and oxygen. 


more 


CRITERIA SET FOR PROCESSING BUILDING REQUESTS 


Revised operating instructions have 
been issued by the National Produe- 
tion Authority to all field offices con- 
cerned with the administration of con- 
struction order M-4. Included with 
the instructions are detailed criteria 
to be used in processing applications 
under the restrictive order. 

The criteria and 
tions are based on 
construction to the minimum neces- 
sary for the defense effort NPA 
pointed out that this can be achieved 
by: 


revised instruc- 
reduction of all 


1. Eliminating non-essential 
ects, either wholly or partially. 

2. Deferring construction not imme- 
diately required. 

3. Changing 
tion 


proj- 


and 


those 


design 
methods to 


construe- 
materials 
least needed for the defense program. 


use 


Authorized 
NPA’s 
project : 


under the 
that the 


construction 


criteria requires 


1, Will provide a facility or service 
in an area where it is established that 


the lack of such facility or service 
seriously handicaps a defense industry 
or military establishment. 

2. Is essential to the maintenance of 
the public health, safety, or welfare. 

3. Will provide facilities to reduce 
any shortage in relation to the defense 
effort or public health, safety, or wel- 
fare in those instances in which there 
may be a shortage due to lack of ade- 
quate production capacity. 


NPA field offices also were directed 
to consider applications for excep- 
tions based on unreasonable hardship 
under such circumstances as disaster, 
condemnation, seizure, 
able financial loss, The state- 
ment reiterates the policy that no 
construction permits will be granted 
for swimming pools, but points out 
that there are no prohibitions on con- 
struction of a wide group of facilities 
if built under the conditions imposed 
under Section 17 of Order M-4 (re- 
striction of all projects requiring use 
of more than 25 tons of steel, inelud- 
ing reinforcing steel). 


non-recover- 
ete. 
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PROGRESS REPORT ON SEWER RENTAL FOR 
NEW YORK CITY * 


By Ricuarp H. Goutp 


Director, Division of Sewage Disposal, Department of Public Works, 
New York City, N. Y. 


People have been living for some 287 
years in those tracts of land at the 
mouth of the Hudson River that are 
now included in New York City. How- 
ever, it is only 21 years ago that this 
city made up its mind to treat its sew- 
age on a comprehensive city-wide basis ; 
it is an even shorter period since work 
was really started. Sewage treatment, 
therefore, is really a newcomer in the 
municipal picture. 


Large Investment 

The present program is beginning to 
crowd the $300,000,000 figure for con- 
struction costs, to say nothing of sub- 
stantial annual sums for operation. 
The impact of this program on the 
city’s financial structure can well be 
imagined. The backbone of city reve- 
nue is the real estate tax, the yield 
from which had already been heavily 
encumbered for debt service and the 
requirements of multifarious activities 
of long-standing services to the people. 
The securing of adequate sums of as- 
sured continuity has been one of the 
most serious and vexing problems in 
planning the program. 

The experiences of New York City in 
the financing of its sewage treatment 
program have followed the trend com- 
mon in so many other cities. Gener- 
ally speaking, all of the city adminis- 
trations, regardless of political back- 
ground, have been aware of the neces- 
sity and desirability of advancing a 
substantial program for sewage treat- 
ment. Progress has been made, but the 
problem of debt limitation and the 


* Presented at 1951 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; Jan. 19-20, 1951. 


pressures and urgencies attendant to 
other worth-while projects have been 
troublesome. The final impasse, reached 
early in 1950, was surmounted by the 
adoption on July 1, 1950, of ordinances 
providing for the collection of separate 
sewer charges or ‘‘sewer rents.’’ By 
this action, the financing of sewage dis- 
posal was divorced from limitations 
caused by other capital improvements. 
The establishment of this principle is 
the greatest single step yet taken in 
assuring the early completion and 
proper operation of works for the dis- 
posal of sewage. Such action had been 
suggested many times during the past 
ten years, but political implications 
prevented progress. 


History of Financing 


A brief outline of the sequence of 
events may be of interest. The start of 
modern sewage treatment for the city 
may be said to be with the employment 
of consulting engineers in 1928 to pre- 
pare plans for the Wards Isiand sewage 
treatment works. On December 29, 
1929, control of sewage treatment was 
placed with the Department of Sanita- 
tion on a city-wide basis; in June, 1931, 
ground was broken under the first con- 
tract for the Wards Island works. 

The advent of the depression pre- 
vented further construction and it was 
not until 1934, with the introduction 
of PWA and federal grants, that work 
was resumed. At that time, work was 
started on the Coney Island plant with 
a 35 per cent federal grant and re- 
sumed on Wards Island with a 45 per 
cent grant. Some $13,250,000 was col- 
lected as grants for these two projects. 
The city’s share of the cost was financed 
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as an assessable improvement. Under 
this method money expended in any one 
year is collected over a five-year period 
as a direct assessment, in proportion to 
the valuation, on all property in the 
city. It appears on the individual an- 
nual tax bill under the caption of 
‘*city-wide assessment.’’ 

This method was continued to start 
construction at the Tallmans Island, 
Bowery Bay, Jamaica, City-Harts 
Island, and 26th Ward plants. 

By 1940 the amounts collected each 
year to pay for these construction costs 
in a five-year period, as required for 
assessable improvements, were becom- 
ing onerous and it was decided to re- 
duce the annual charges by reverting 
to 30-year bonds. To do this it was 
necessary to abandon the assessable im- 
provement method and finance the 
works through the regular city capital 
budget for capital improvements. 

The total amount that may be author- 
ized each year in the capital budget 
is limited by the margin in the city’s 
debt incurring power, which limit is 
defined by law. Aside from certain 
self-sustaining projects, such as water 
supply, there is normally some $100,- 
000,000 available. This must meet the 
construction requirements for hospitals, 
schools, health centers, courts, jails, 
transportation, parks, bridges, libraries, 
police and fire stations, incinerators, 
ete. Because of the great demand for 
the limited funds, it was not possible 
to secure as large adoptions for sewage 
treatment as was desired. However, 
work on a number of plants started as 
assessable improvements was continued 
under the capital budget and new 
projects were begun for the East Bronx 
intercepting sewer, Lower Manhattan 
intercepting sewer, Owls Head sewage 
treatment works, ete. The intervening 
war years and lack of materials and 
labor, of course, limited the amount 
that could be spent in any event. 

By the end of 1948 the lack of prog- 
ress in the sewage disposal program 
was so marked that the city acquiesced 


in the so-called ‘‘consent order’’ issued 
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on December 16, 1948, by the Inter- 
state Sanitation Commission. Under 
the program provided in this order cer- 
tain works costing around $90,000,000 
would be built in the five-year period 
ending in 1953; the remainder of the 
program, that may cost around $130,- 
000,000, would be completed by 1959 
unless unforeseen conditions arose. 

It was obviously impossible to finance 
this program under the limited capital 
budget and, in spite of heavy immedi- 
ate charges, recourse was once more 
made to the assessable improvement 
method. During 1949 and half of 1950 
some $48,000,000 was authorized from 
this source. However, because the gross 
amount of assessable improvements per- 
missable is also tied in with the city 
debt limit, it was found that the sew- 
age requirements left very little mar- 
gin for other normal uses. The as- 
sessable improvement method is the 
only available to the Borough 
Presidents for the construction of 
highways, sewers, and other local im- 
provements. To permit a_ normal 
amount of this essential work to pro- 
ceed, and at the same time to keep 
faith in the commitment to advance 
the sewage disposal program, advantage 
was taken of the permissive state law 
and sewer rentals were adopted effeec- 
tive July 1, 1950. 


one 


Provisions of Local Law 


Local Law No. 67, which provides 
for the imposition and collection of 
sewer rents, is relatively simple in its 


provisions and administration. Its 
more essential provisions are para- 
phrased as follows: 


The ‘‘Sewer System’’ is defined as 

the sewers, manholes, intercept- 
ing sewers, sewage pumping, treatment 
and disposal works, and other plants, 
works or equipment and accessories 
within the city, which are used or use- 
ful in connection with the collection, 
treatment or disposal of sewage and 
waste, and which are owned, operated 
or maintained by the City as part of 
the publie sewer system.’’ 
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... In addition to any other fees 
or charges provided by law, the owner 
of any parcel of real property con- 
nected with the sewer system, including 
but not limited to real property con- 
nected with the sewer system by means 
of a private sewer or drain emptying 
into the sewer system, shall pay a 
sewer rent or charge for the use of the 
sewer system. Such rent or charge 
shall be based on the water supplied to 
any such real property as measured by 
the amount charged for such water, 
except as otherwise provided by this 
section.’’ 

‘‘For any such property supplied 
with water from the municipal water 
supply system the sewer rent or charge 
shall be equal in amount to one-third 
of the charges for water supplied to 
such property from such system.’’ 

Provision is made for correcting 
charges in case water supplied does not 
pass to the sewer system and for pro- 
viding charges for water reaching the 
sewer system but not paid for in the 
city water bills. 

Unpaid water and sewer charges may 
be a cause for shutting off the water 


supply and become a lien on the prop- 
erty served. 


““The revenues derived from the 
sewer rentals imposed hereunder, in- 
cluding penalties and interest thereon, 
shall be kept in a separate and distinct 
fund to be known as the sewer fund. 
Such fund shall be used for the pay- 
ment of the cost of the management, 
maintenance, operation and repair of 
the sewer system, the cost of adminis- 
tering and enforcing the provisions of 
this law and the cost of collection of 
the sewer rents or charges imposed pur- 
suant to the provisions of this section, 
and any surplus in such fund shall 
be used for the payment of the interest 
and amortization of any debt which 
has been or shall be incurred for the 
construction of intercepting sewers and 
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sewage treatment and disposal works, 
and for the enlargement, replacement, 
or addition of intercepting sewers or 
sewage treatment works. However, 
such funds shall not be used for the 
extension of sewers to serve unsewered 
areas.”’ 


Provision is made for the collection 
of rents and the administration of the 
provisions of the law through existing 
agencies, primarily in the Water and 
Finance Departments. 


Expected Revenue 


Sewer charges to the extent of one- 
third of the water bill would normally 
be expected to return about $15,000,000 
per year. The intensive campaign for 
water conservation in 1950 has reduced 
the returns from water so that the 
sewer rentals may yield only about 
$14,000,000. It is believed, however, 
that with the more ample water supply 
shortly due, New Yorkers will revert to 
their old water use habits and returns 
will increase. 

Since the passage of the law, charges 
for the operation and maintenance of 
sewage disposal plants, intercepting 
sewers, and the sewage system, and the 
collection and administration of sewer 
rents, are being charged to this new 
source of revenue. This relieves the 
tax levy budget of the city to the ex- 
tent of some $6,600,000. In addition, 
existing debts outstanding under as- 
sessable improvements are being liqui- 
dated and other authorizations are be- 
ing refinanced on the basis of 30-year 
bonds. Some $72,000,000 are involved 
in this operation. Future appropria- 
tions will be financed from this source. 


Conclusion 


What has been recounted in the 
foregoing discussion is not so much a 
progress report on sewer rentals in 
New York City as a report on the 
progress of the public consciousness of 
the necessity and importance of clean- 
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ing up the city’s waterways. Those 
who are elected to administer public 
institutions are subject to many de- 
mands and pressures and it is very 
generally true that only those par- 
ticular projects are advanced that in 
the shrewd judgment of these elected 
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officials will be most acceptable to the 
public. The adoption of sewer rentals 
has been accepted by the publie with 
It ap- 
pears abundantly clear, therefore, that 
New York City wants to clean up its 
waterways and will undoubtedly do so. 


hardly a murmur of protest. 


STATUS OF NEW YORK CITY TREATMENT PROGRAM 


New York City’s vast sewage treat- 
ment program surged ahead in 1950, 
according to the 1950 Annual Report 
of the New York City Department of 
Public Works. During the year work 
was underway on $54,000,000 of con- 
struction projects in various stages of 
completion; design work was contin- 
ued on similar projects that will cost 
about $30,000,000. The value of ae- 


tual construction work completed was 


more than $20,000,000. New construe- 
tion contracts totaling $13,000,000 
were awarded. 

The greatest impetus to the city’s 
sewage treatment program was given 
when legislation was enacted in July 
for the collection of a sewer service 
charge amounting to one-third of the 
water bill. Payment of operation and 
maintenance charges from this source 
will free other funds for new con- 
struction. 

The city, according to the report, is 
now well abreast of its commitments to 
rid all its Class A waters (that is, 
existing and potential bathing beaches) 
of pollution by 1953. It will also be 
possible to meet the terms of the In- 


terstate Sanitation Commission’s con- 
sent order calling for treatment of all 
New York City sewage by 1959. The 
13 existing sewage treatment plants 
treat a little less than half of the 1,000 
m.g.d. of liquid waste produced. 

By the end of 1950 construction was 
37 per cent complete on the $21,000,000 
Hunts Point sewage treatment project, 
which will have a eapacity of 120 
m.g.d.; contracts for the $5,700,000 
Rockaway sewage treatment plant were 
21 per cent complete; and the $20,- 
000,000 Owls Head pollution control 
project was 62 per cent complete. In 
addition, the keel for the sludge ves- 
sel of the Owls Head project was laid 
in November, 1950, with completion of 
the $1,158,000 craft scheduled for late 
in 1951. 

Designs were completed and con- 
tracts readied for construction of the 
$2,000,000 sewage treatment plant in 
Port Richmond, Staten Island. Sew- 
age treatment plants under design in- 
cluded the $20,800,000 expansion of 
the Bowery Bay plant and the $7,100,- 
000 Oakwood Beach project. 
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CONTAMINATION OF VEGETABLES GROWN IN 
POLLUTED SOIL * 


V. HELMINTHIC DECONTAMINATION 


By Rupo.rs, Luoyp L. FauK, Ropert A. RaGgorzKie 


In a previous paper (1) decontami- 
nation methods and the results ob- 
tained were summarized. Removal or 
kill of coliform organisms and disease 
producing bacteria with the aid of de- 
tergents, germicidal rinses, or heat 
does not necessarily mean that Ascaris 
eggs, which have a great resistance to 
natural environmental conditions, can 
be removed or killed by the same proc- 
esses. Hence, a considerable amount of 
experimentation and study was con- 
ducted and the results have been sum- 
marized. The principal decontamina- 
tion processes studied included washing 
with plain water, detergents, and 
germicidal rinses, and the use of warm 
water. 


Technique of Decontamination 


To have a rapid screening test for 
evaluating the effect of various meth- 
ods of decontamination, the following 
test procedure was used. Sections ap- 
proximately 2 to 4 sq. em. in area were 
cut from the skin of purchased to- 
matoes. They were placed skin side up 
on glass slides and a drop of a suspen- 
sion of A. swum eggs was deposited 
and allowed to dry on the tomato sur- 
face. The number of eggs was counted 
microscopically and ranged from about 
100 to 1,000 per section, averaging 
about 300 to 500. The skin section 
(removed from the glass slide) was 
washed in a test tube with 15 ml. of 
wash liquor. Agitation, when required, 
was accomplished by machine. After 
the decontamination process the skin 
was removed from the test tube, dried 
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on the glass slide, and the remaining 
eggs were counted. Those removed 
could be calculated. Eggs were never 
found to redeposit on the flesh side of 
the skin segment. 


Results 


The various detergents were screen 
tested in 1 per cent concentrations. 
The compound germicidal rinses were 
tésted in concentration of 10 grams per 
liter, double the concentration normally 
recommended for vegetable decontami- 
nation. Two determinations were usu- 
ally run using 15-min. agitation pe- 
riods. 

The results for decontamination with 
water alone; with anionic, nonionic, 
and cationic detergents; with the 
germicidal rinses, ASC-4 and RH 968 
(which contain the anionic detergent 
Naceonol NR); and with trisodium 
phosphate are given in condensed form 
in Table I. Water alone was generally 
poor, usually removing less than 10 per 
cent of the eggs. For the anionie de- 
tergents, the range of removals was 
from 0 to 83 per cent, averaging about 
20 per cent. The nonionic compounds, 
except Victawet 12, were even poorer 
than the anionic compounds. Victawet 
12 and the cationic agents were good 
egg removal agents, averaging 98 per 
cent. Trisodium phosphate gave about 
60 per cent egg removal. The compound 
germicidal rinses were poor. 

Because the cationic agents appeared 
to offer the greatest promise for the de- 
contamination of vegetables, Hyamine 
1622 was used to study the effect of 
agitation, soaking time, and detergent 
concentration. Some results (Table IT) 
indicate that 5-min. agitation was as 
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TABLE I.—-Decontamination of Ascaris Eggs 


by Various Materials 


pmoval of Egg 
Detergent or Rinse! Remo 


Water 1 to 84 

Anionic: 
Igepon T 
Nacconol NR 
Duponol WA 
Areskap 100 
Tergitol 7 
MP-1L89 1 to 19 
Santomerse | 10 to 19 
Nytron 1 


6 to 32 
8 to 56 
23 to 83 
0 to 5 
4 to 54 


Nonionic: 
Tween 80 
Neutronyx 228 
Triton A-20 
Victawet 12 


Cationic: 

Ceepryn chloride 97 to 100 
Laury] pyridinium 96 to 100 
toceal 84 to 99 
99.8 to 100 

99.8 to 100 
98.7 to 100 
99.8 to 100 

96 to 97 
94 to 100 


Hvyamine 1622 
BTC 
Hyamine M-4 
Ethyl Cetab 
Ammonyx T 
Octab 


Rinses: 
ASC-4" 2 to 16 
RH 968? 0 
Trisodium phosphate 58 to 60 


1] per cent solution except as noted. 
2 10 grams per liter. 


good as 15-min. agitation, but 1 min. 
was too short a period for best results. 
From the data on egg removal in a 15- 
min. agitated wash, it will be noted 
that the detergent was equally effective 
at a concentration of 50 p.p.m. or 
10,000 p.p.m. Below 50 p.p.m. the effi- 
ciency of egg removal was about that 
of water. There apparently was a 
sharp line of demarcation between ef- 
fective and ineffective cationic deter- 
gent concentrations. 

Results for tomato sections soaked in 
various detergent concentrations show 
that agitation was an important factor 
in the removal of eggs. A concentration 
of 500 p.p.m. removed 100 per cent of 
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the eggs after 15-min. agitation, but 
soaking alone resulted in less than 10 
per cent removal. The removal with 
1,000 p.p.m. Hyamine and agitation 
yielded as good results as 10 times this 
concentration with soaking alone. 

It was thought that soaking in de- 
tergent followed by a short agitated 
rinse in plain water might give as good 
results as longer agitation in the de- 
tergent. Contaminated segments were 
soaked in 500 p.p.m. Hyamine 1622, the 
detergent was gently poured off, tap 
water added, and the whole agitated 
for time intervals of 0, 5, and 15 sec., 
and 10 min. The residual eggs were 
then determined. The results (Table 
IIIT) show that a period of agitation in 
rinse water for as long as 10 min. after 
a detergent soak gave poorer results 
than continuous agitation in the same 
detergent concentration. It appears 
that the agitated water rinse required 
after a soaking period in a eationie de- 
tergent of moderate concentration is 
longer than an agitated wash in the 
detergent solution and at the same time 
gives poorer egg removal. 


Toxic and Other Effects of Washing 
Agents on Ascaris Eggs 


Although many of the detergents 
and compound rinses studied were poor 


TABLE II.—Effect of Agitation, Concentration, 
and Soaking on Ascaris Eggs Removal 
by Hyamine 1622 


| Egg Removal | 

p.p.-m.) | (%) 
-|- 

| 

| 

| 


Cone. Treatment 


Agitation 15 min. 
Agitation 5 min. 
Agitation 1 min. 


10,000 | 99.8 to 100 
10,000 100 
10,000 79 to 85 


| 
1,000 100 
500 100 
100 98.5 
50 99.9 
30 4 to 20 
10 5 to 11 


Agitation 15 min. 
Agitation 15 min. 
Agitation 15 min. 
Agitation 15 min. 
Agitation 15 min. 
Agitation 15 min. 


10,000 
10,000. | 
5,000 | 

500 | 


99.8 to 100 
94 to 100 
90 to 93 

1 to 5 


Soaking 60 min. 
Soaking 15 min. 
Soaking 15 min. 
Soaking 15 min. 


3 
+) 
+ 
5 to 19 
pen 91 to 99 

: 

: 
; 
+ 4 

| 
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TABLE III.—Effect of Agitated Rinse after 
Hyamine 1622 Soak on 


Ascaris Egg Removal 

Det t Ti f : Egg 

(p.p.m.) (min.) (%) 

500. 15 | 0 48 to 61 
500 15 | § sec. 68 to 79 
500 15 | 15 see. 38 to 54 


500 15 10 min. 


88 to 95 


agents for physically removing Ascaris 
eggs from tomato surfaces, they may 
be sufficiently toxic to the eggs to ac- 
complish decontamination by killing. 
To test the effect, suspensions of eggs 
in 1 per cent solutions of various agents 
were incubated in 2-ml. portions at 
30° C. After 11 days the eggs were 
examined. This long-period toxicity 
test was performed to screen out those 
agents showing no toxic effects. Should 
any prove to have toxic properties, they 
could be studied in greater detail in 
short-time tests. 

One hundred eggs from each incu- 
bated suspension were classified as un- 
developed unicells or degenerated cells, 
as developing cells (morula and tad- 
pole stages), or as completely developed 
active embryos. The condition of the 
outer albuminous egg coating was also 


noted. Unfertilized eggs were disre- 
garded. The controls in plain water 


(Table IV) showed 96 per cent embry- 
onation with only 3 per cent undevel- 
oped unicells. Of the anionic deter- 
gents, Nytron and Igepon T showed 
retardation of development, 32 and 67 
per cent, respectively, being in various 
developmental stages. Tergitol 7 had a 
rather marked effect, showing 89 per 
cent of the eggs not developed, with 
many degenerate and split eggs. Never- 
theless, 11 per cent of the eggs de- 
veloped unretarded to the active in- 
fective motile stage. The condition of 
the outer layers ranged from a swollen, 
almost invisible expanded layer to ab- 
sence due to dissolution, depending on 
the detergent present. The neutral de- 
tergents showed no toxie effects, but a 
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retardation of development appeared to 
exist in the presence of Tween 80 and 
Neutronyx 228 especially. The outer 
layers were either normal or swollen. 
The cationic agents were not toxic to 
the developing Ascaris eggs, although 
development was in many cases re- 
tarded. Of particular interest is the 
fact that every tested cationic agent 
completely dissolved the outer egg 
layer. This may explain, in part, the 
ability of these agents to remove eggs 
from vegetable surfaces. 

The germicidal rinses, as well as tri- 
sodium phosphate, had no effect on the 
egg development. The acid-starch- 
iodide test indicated available chlorine 
was still present in the germicidal 
rinses after the 11-day incubation pe- 
riod. The fact that the eggs were in 
contact with the solutions for 11 days 
must not be forgotten. As no really 
effective toxicants appeared in such a 
long period, the short-period contact 
prevailing in any vegetable decontami- 
nation process would show even less 
effect, if any. 

The dissolution of the albuminous 
layer of the Ascaris eggs was a common 
property of cationic detergents, which 
might explain their ability to decon- 
taminate vegetable surfaces. This prop- 
erty was also shown by other agents, 
namely Nacconol NR, MP-189, Nytron, 
and germicidal rinse RH 968, but these 
are not effective decontaminants. This 
lack of decontamination of the latter 
agents may be due to the speed of dis- 
solution of the outer layer. To test 
this, a short-time exposure of Ascaris 
eggs to these agents was accomplished 
under conditions found to give good 
decontamination with cationic agents. 
One per cent solutions of several of 
these agents containing Ascaris eggs 
were agitated by machine; at intervals 
of 1, 5, and 15 min., portions were re- 
moved for microscopic examination. 
The cationic agents showed that after 
l-min. agitation the outer layer was 
almost invisible, except for a very faint 
outline under reduced light. It was 
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TABLE IV.—Development of Ascaris Eggs in Detergents and Rinses 
after 11 Days at 30°C. 


Egg Classification (°% 


Detergent 
Solution 
Undeveloped De 
or Degenerate 


Water 

Anionics (1% ): 
Nacconol NR 
Duponol WA 
Areskap 100 
Tergitol 7 
MP-LS89 
Santomerse | 
Nytron 
Igepon T 


Nonionics (1%): 
Tween 80 
Neutronyx 228 
Triton A-20 
Victawet 12 


Cationics (1%): 
Ceepryn chloride 
Laury! Pyr. 


toccal 


to 


Hyamine 1622 
BTC 
Hyamine M-4 
Ethyl Cetab 
Ammonyx T 
Octab 


Germicidal rinses: 
ASC-4 (5 g./I.) 
ASC-4 (10 g./I.) 


RH 968 (5 g./1.) 
RH 968 (10 g. /1.) 


Others (1%): 
NasPO, 5 


' Many degenerate and split eggs. 


veloping 


Condition of Outer 
Albuminous Layer 
Embryonated 


Normal 


Dissolved 

Swollen 

Swollen 

C:aatly swollen 
Dissolved 

Swollen 

Dissolved 

Dissolved and swollen? 


Normal 
Swollen 
Swollen 


Normal 


Dissolved 
Dissolved 
Dissolved 
Dissolved 
Dissolved 
Dissolved 
] Jissc 
Dissolved 
Dissolved 


Swollen 
Swollen 
Dissolved 


Dissolved 


Swollen 


* Many bacteria present which may have attacked outer layer. 


vreatly expanded to 2 to 3 times the 
original thickness. The eggs did not 
stick to the glass. After 5 and 15 min., 
the outer layer was completely dis- 
solved. This, rather than invisibility, 
was shown by the fact that several eggs 
were in contact with one another. The 
egg suspension was even, showing no 
clumping or sticking to the glass. The 
nonionic agents tested showed no es- 
sential change in the outer layer. Most 


of the eggs adhered tenaciously to the 
vlass sides of the test tube or showed 
clumping. The anionic agents 
similar results, as did trisodium phos- 
phate and the two germicidal rinses. 


wave 


Decontamination by Heat 


Decontamination by heat at a temper- 
ature of 60° C. will insure the death of 
coliform contaminants on tomato sur- 
faces in 5 min. It is important to 
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TABLE V.—Effect of Temperature on 
Ascaris suum Eggs 


Development (°%) 


(min.) | Early | Late | anc 
ne} Morula | Morula| Ver- 
| | miform 
Control | | 2 | 0 | 98 
4 | 120] of] 2| 9 
| 
50 10 | O| O 4 | %6 
60 28 | 2 | 4 | 6 
5 | 3 | 7 2 | 6 | O 
5 | 100) 0 | 0 | O 
10 | 100 | 
| 5] o| of 1 
| 5 9 | 0 1 
| 10 | 100 0 0 0 
6 | 3 | 100 0 0 0 
| 5 | 100} O 0 0 
| 10 | 100 0 0 0 


know the thermal death point of As- 
caris eggs. Nolf showed that the eggs 
of A. lumbricoides are killed in less 
than 1 min. at temperatures of about 
54° to 56° C. Eges of Trichuris tri- 
chiura were less resistant and were 
killed at lower temperatures. To check 
these figures for A. suum, the follow- 
ing study was made. Replicate test 
tubes containing 1 ml. of a suspension 
of eggs of Ascaris suum were subjected 
to water bath temperatures of 45°, 
50°, 60°, and 65° C. At various inter- 
vals (from 3 to 120 min.) a tube was 
taken from each temperature bath, 
cooled in cold tap water, and then in- 
cubated at 30° C. After 10 days, the 
tubes were examined for egg develop- 
ment. Fifty eggs were examined from 
each tube. 

The results (Table V) show that the 
eggs were not affected by a tempera- 
ture of 45° C. in 2 hr. At 50° C.a 


retardation in development was noted 
after a 30-min. exposure. This retarda- 
tion became greater as time increased. 
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After 2 hr. at this temperature, 80 per 
cent of the eggs were incapable of in- 
itiating development in 10 days and 
were presumably dead. At 55° and 
60° C. all eggs were killed within 10 
min. At 65° C. death was within 3 
min., and probably instantaneous. 


Discussion 


Before the decontamination processes 
for helminth eggs are discussed, the 
characteristics of Ascaris eggs which 
will influence the results ought to be 
described. The average egg measures 
about 60 to 65 microns in length by 40 
to 45 microns in width. The egg shell 
portion of particular interest here is 
the rough albuminous covering on a 
thick, more or less transparent egg 


shell. The outer egg covering is very 
adhesive. When eggs isolated from 


adult worms were suspended in water 
they clumped easily ; when they settled 
to the bottom of a dish or test tube, or 
touched the sides, they adhered with 
such tenacity that even violent agita- 
tion removed but a small portion of 
them from the glass. Both Caldwell 
and Caldwell (2) and Spindler (6) 
used dilute (about 30 per cent) solu- 
tions of antiformin (6 per cent sodium 
hypochlorite) to separate the eggs from 
the soil. This solution dissolved the 
albuminous layer, leaving the trans- 
parent non-adhesive shell un- 
touched. Similar treatment of the 
eggs in this work rendered them non- 
adhesive to glass surfaces, yet did not 
prevent subsequent egg development. 
This property of the adhesiveness of 
Ascaris eggs, as well as their great re- 
sistance to natural environmental con- 
ditions, makes their transmission 
through the consumption of raw vege- 
tables a strong possibility. The meas- 
urements needed to cleanse such vege- 
tables or render the helminth eggs non- 
infective may be important in areas 
where these parasites are found, where 
human excreta carrying their eggs are 
used for fertilizer, or where sewage or 
polluted water is used in irrigation and 
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the consumption of raw vegetables is 
desired. 

The common disinfectants used for 
bacteria and which can be used for 
vegetable washing are completely in- 
effective against Ascaris eggs. Mills, 
Bartlett, and Kessel (5) showed that 
the majority of undeveloped eggs in 
contact with 5,000-p.p.m. chlorine solu- 
tions for 30 min. later developed active 
embryos. Contact with 2,000 p.p.m. of 
chlorine in water produced no effect 
on the activity of embryos in eggs, 
Cram (3) showed that several hours in 
5 per cent phenol or 3 per cent cresol 
destroyed activity in embryonated eggs, 
but such compounds would render raw 
vegetables unfit for human consump- 
tion. Yoshida (7) and Galli-Valerio 
(4) showed the eggs were able to sur- 
vive and even embryonate in acids of 
strength which would render 
tables unfit. 

In the experiments of this work, the 
chlorinated rinse compounds have 


vege- 


shown no effect on the development and 
activity of Ascaris embryos. 


There- 
fore, it is believed that the satisfactory 
decontamination of vegetables with re- 
spect to helminth eggs as resistant as 
Ascaris cannot be accomplished by 
means of chemical disinfectants. 

The results have indicated that me- 
chanical removal of Ascaris eggs from 
vegetable surfaces may offer possi- 
bilities in decontamination. Water, 
either alone or in conjunction with 
anionic or most nonionie type deter- 
gents, was ineffective for washing off 
the adhesive Ascaris egg. However, the 
cationic detergents appeared to be 
characterized as a group by their abil- 
ity to remove Ascaris eggs from to- 
mato surfaces rather effectively. It 
must be remembered that this work was 
done with eggs deposited on the smooth 
portions of a tomato surface. A\l- 
though 100 per cent removal was ob- 
tained for a large percentage of the 
tests, even the more effective of the 
cationic agents could not be relied on 
to give this 100 per cent result every 
time. The concentrations of eggs used 
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on the tomato surface were probably 
far in excess of those naturally found, 
but only the smooth surfaces of to- 
matoes were being dealt with. Cracks 
and crevices could easily protect the 
eggs from the action of the detergent, 
or even prevent mechanical dislodge- 
ment of the eges, as shown by other ex- 
periments. Agitation is important for 
the use of these agents. The chances 
of removal of eggs in are 
greatly reduced by soaking. In addi- 
tion, the concentration of detergent 
needed with agitation was many times 
lower than that needed to obtain the 
same results of egg removal without 
agitation. 

Obviously, the ability of cationic 
agents to remove Ascaris eggs from to- 
mato surfaces is due to their ability 
to dissolve rather rapidly the outer 
albuminous egg coating responsible for 
adhesion, a property not shared by the 
other tested. This action is 
similar to that of antiformin on Ascaris 
eggs and accounts for its use in ex- 
amination of soil for these eggs. <Al- 
though it has no bearing on the prob- 
lem involved, it should be pointed out 
that the cationic agents may be of use 
in separating helminth eggs in experi- 
mental or routine examination of soil 
or stool specimens. Despite the fact 
that cationic agents have proved to be 
good agents for removing Ascaris eggs 
from tomato surfaces, their action is not 
always 100 per cent effective. The 
number of eggs which a human must 
ingest before one Ascaris adult can be- 
come established in his intestinal tract 
is unknown and must be assumed to be 
one egg. Therefore, decontamination of 
tomatoes must be 100 per cent with re- 
spect to these organisms. The cationic 
agents do not fulfill this requirement. 

Fortunately, the thermal death point 
of Ascaris eggs is such that tomatoes 
can be subjected to this temperature or 
even slightly above without changes in 
texture or quality for raw consumption. 
Immersion of tomatoes at 55° to 60° C. 
for 10 min. will assure freedom from 
infective Ascaris eggs. Also, because 
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these are the most resistant of the 
helminth eggs, it can be assumed that 
no other helminth will survive such 
treatment. 


Conclusions 


The experimental data obtained on 
decontamination of tomatoes with re- 
spect to Ascaris suum eggs lead to the 
following conclusions : 


1. The tenacity with which these eggs 
adhere to solid surfaces and their great 
resistance to environmental conditions 
make Ascaris eggs likely contaminants 
of vegetables grown in polluted soils. 

2. The various detergents and 
germicidal rinses studied were not ef- 
fective killing agents for these eggs. 
The agents that will kill them, as given 
in the literature, would render any 
vegetable so treated unfit for human 
consumption. 

3. The adhesive nature of these eggs 
is due to the rough outer albuminous 
coating. If this coating is not removed, 
the eggs stick to vegetable surfaces and 
other solid objects and the eggs cannot 
be removed by mechanical agitation 
with water. 

4. The addition of anionic and most 
nonionic detergents, germicidal rinses, 
or trisodium phosphate does not ap- 
preciably increase the removal of the 
eggs from vegetable surfaces by agita- 
tion over that obtained with plain 
water. 

5. The addition of cationic deter- 
gents to water will usually cause more 
than 90 per cent removal of eggs from 
smooth tomato surfaces. Although 100 
per cent removal is obtained in many 
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cases, the average appears to be about 
98 per cent. Concentrations on the 
order of 50 p.p.m. of a detergent such 
as Hyamine 1622 are effective when 
agitation is used, but must be in- 
creased to the order of 10,000 p.p.m. 
or higher for similar results when soak- 
ing alone is utilized. 

6. Heating of tomatoes to 55° to 60° 
C. for 10 min. is the only method found 
which will insure vegetable decontami- 
nation with respect to helminth eggs. 
Because it must be assumed that the 
ingestion of one viable, developed egg 
will be infective to man, it appears that 
such heat treatment is the only re- 
liable method for vegetable decontami- 
nation. 


Summary 

Physical and chemical means of de- 
contaminating vegetable surfaces con- 
taminated by Ascaris suum eggs in- 
cluded vigorous washing and soaking 
in plain water, detergent solutions, 
germicidal rinses, and use of warm 
water. The results show that the eggs 
adhere tenaciously to solid surfaces. 
Various detergents and _ germicidal 
rinses were not effective killing agents, 
but cationic detergents will cause more 
than 90 per cent removal of eggs from 
smooth surfaces, such as tomatoes. The 
removal is less effective when cracks, 
crevices, or bruises protect the eggs. 
The only effective method to insure 
vegetable decontamination with respect 
to helminth eggs is immersion of the 
vegetable in warm water (55° to 60° 
C.) for 10 min. Such immersion does 
not alter the appearance or character 
of the vegetables tested. 
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BACTERIAL-QUALITY OBJECTIVES FOR OHIO RIVER 


The Ohio River Valley Water Sani- 
tation Commission has announced the 
availability of a booklet entitled ‘* Bac- 
terial-Quality Objectives for the Ohio 
River.”” The 26-page booklet is the 
published report of objectives recently 
adopted by the Commission as a guide 
to the establishment of treatment re- 
quirements for sewage discharged into 
the Ohio River and the evaluation of 
sanitary conditions of waters used for 
potable supplies and recreational uses, 
based on findings reported by Harold 
W. Streeter, consultant to the 
mission. 


Com- 
For water supply uses, the objec- 
tives state that the monthly arithmeti- 
eal average M.P.N. of coliform organ- 
isms in waters of the river at water in 
takes should not exceed 5,000 per 100 
ml. in month: nor exceed 
number in more than 20 per cent of 


any this 


the samples during any month; nor ex- 
ceed 20,000 per 100 ml. in more than 


) per cent of For bath- 
swimming waters, monthly 


arithmetical M.P.N. of coli- 
forms should not exceed 1,000 per ml. 


the samples. 
ing or 


average 


during any month of the recreation 
nor exceed this number in 
more than 20 per cent of the samples 
in any month; nor exceed 2,400 per 
100 ml. on any day. For non-bathing 
or non-swimming waters, the monthly 
arithmetical average M.P.N. of 
forms should not exceed 5,000 per 100 
ml. in month of the 
exceed this number in 
more than 20 per cent of any month’s 


season ; 


coli- 
any recreational 
season, nor 
samples. 

In general, the recommendations of 
the objectives concerning water sup- 
ply sourees follow those of U.S.P.HLS. 
‘*Bulletin 296,"’ which establishes es- 
sentially the same limits. The inter- 
pretation and application of the stand- 
ards are stressed in one section of the 
report; another deals with the back- 
eround report 
and 

Copies of the booklet are available 
on request from Edward J. Cleary, ex- 
ecutive and chief engineer, 
Ohio River Valley Sanitation Com- 
mission, 414 Walnut St.. Cincinnati 
2, Ohio. 


and validation of the 


its recommendations. 
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Industrial Wastes 


RADIOACTIVE WASTE DISPOSAL 


By Jonn F. anp C. W. CuristeENSON 


Chief and Asst. Chief, respectively, Industrial Waste Branch, AEC 


Engineering Division, Los Alamos, N. 


Although the subject of radiation 
is not a new one, knowledge in this 
field has not developed very rapidly 
until the last decade. With the ad- 
vent of the nuclear energy program 
the subject of radiation has become 
a more intimate part of everyday life, 
particularly to those in the water and 
sewage works professions. For the 
purpose of this paper, no attempt will 
be made to cover the subject of radia- 
tion, because it is a field in itself. 
However, for discussing radioactive 
waste disposal, a brief review of the 
different types of radioactivity that 
may be encountered is in order. 


Types of Radioactivity 


All radioactive substances are un- 
stable and are continuously disinte- 
grating through the emission of alpha 
or beta particles, accompanied in some 
cases by the emission of gamma rays. 
The disintegration process does not 
result in a complete loss of material, 
but rather in a stable element; for ex- 
ample, the end product of the disin- 
tegration of radium is lead. 

The alpha particle mentioned is ac- 
tually a helium nucleus and consists 
of four protons and two electrons. 
The energy associated with its emis- 
sion is constant from a given source. 
3ecause the alpha particle is compara- 
tively very heavy, it is the least pene- 
trating form of radiation to be dealt 


* Presented at 1950 Annual Meeting, Rocky 
Mountain Sewage Works Assn.; Santa Fe, 
N. M.; Sept. 27, 1950. 


861 


M. 


with and can usually be shielded with 
a sheet of paper. 

The beta particle consists of a high- 
speed electron with about 1/7,000 of 
the mass of the alpha particle. Be- 
cause the mass is so much less than 
that of the alpha particle, it is far 
more penetrating. The energy of beta 
particles from any given source 
spread over a wide range. 

Gamma rays are not particles, but 
are described as being similar to X- 
rays. They result from the energy as- 
sociated with disintegration of some 
radioactive substances. Because they 
have no mass, their penetration power 
is very great and these rays will pene- 
trate several feet of concrete. 

The rate at which a _ particular 
radioactive substance disintegrates de- 
termines its persistence. This factor 
is expressed in terms of ‘‘half-life,’’ 
the time required for one-half of the 
atoms of a particular material initially 
present to disintegrate. The half- 
lives of different materials vary from 
a fraction of a seeond to billions of 
years. 

The basic unit used in measuring 
radioactivity is called the ‘‘curie,’’ 
which is defined as the amount of 
radiation emitted by one gram of ra- 
dium. The generally accepted value 
for the ecurie is 3.7 X disintegra- 
tions per second. From the definition 
it is evident that a curie is a quanti- 
tative measure of radioactivity which 
takes into account the rate of disinte- 
gration and, thus, the total radiation 
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emitted in a unit of time. The most 
convenient method of detecting many 
radioactive materials in extremely di- 
lute concentrations is by means of 
measuring the radiation with Geiger 
tubes, ionization chambers, and simi- 
lar electronic equipment. Detection 
by this means is known as ‘‘count- 
ing.’’ Thus, another expression for 
denoting the concentration of radio- 
activity, known as counts per unit of 
time per unit volume, has come into 
common usage. 

The efficiencies of counting devices 
vary with the types of equipment 
used, as well as the types of material 
being counted. Most alpha detection 
instruments will record about 50 per 
cent of the alpha disintegrations. The 
beta and gamma detection instruments 
vary over a much wider range of ef- 
ficiencies. Beta counters generally 
detect from 10 to 70 per cent of the 
disintegrations and gamma rays are 
detected in the order of 1 to 30 per 
of the variable effi- 
ciencies of different detection devices, 


cent. Because 
it is necessary to know the character- 
istics of the equipment, as well as the 
type of radiation, before the results 
of counting can be evaluated quanti- 
tatively 

The quantities of radioactivity dealt 
with in the field of radioactive liquid 
waste disposal are extremely small. 
In general, the amounts of radioactive 
materials present in the wastes are in 
the order of a microgram (0.000001 g. ) 
As an example, a microgram of plu- 
tonium, an alpha emitter, produces 
about 140,000 disintegrations per min- 
ute (6.3 x 10° This 
will record on most alpha counters as 
70,000 counts per minute. In much 
of the work the radioactive materials 
must be detected in concentrations in 
the order of 0.001 microgram. For- 
tunately, the electronic devices are ex- 
tremely sensitive and plutonium, for 
example, is readily detected in the 
order of 0.1 part per trillion. 


microcuries). 
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Problem of Disposal 


Kochtitzky and Placak (1) have re- 
ported on the effects of radioactivity 
upon nature and, conversely, on the 
effects of nature upon radioactivity 
which may be discharged in liquid 
wastes. They state that, as normally 
encountered, radioactivity has no ef- 
fect on aquatic plants or animals simi- 
lar to the spectacular effects of ex- 
posure to toxic chemicals, and although 
true mutations or malformed fish have 
been produced by direct irradiation, 
the aquatie organisms do not appear 
to suffer obvious harm in the normal 
course of radioactive waste disposal. 

Conversely, they report that aquatic 
plants and organisms may concen- 
trate the radioactivity which has been 
discharged to the stream, river, or 
lake, and the resulting concentration 
may be much higher than that of the 
environment in which the plant or 
organism exists. This factor, together 
with channeling action, thermal strati- 
fication, geological faults, and trans- 
portation of deposited material, may 
prevent adequate dispersion and dilu- 
tion, resulting in high concentrations 
of radioactivity at points remote from 
the source of the wastes. 

Love (2) has pointed out that nat- 
ural waters contain varying amounts 
of radioactivity, which is derived pri- 
marily from the radioactive rocks and 
minerals with which the waters have 
been in contact. Essentially, all of this 
radioactivity is due to radium. The 
level of radioactivity in natural ground 
and surface waters is in the order of 
0.2 to 10 x 10°? gram of radium per 
liter. Sea water contains about 0.08 
< 10%? gram of radium per liter and 
about 1.4 x 10° gram of uranium per 
liter. The radioactivity of spring wa- 
ters and hot springs varies over wide 
limits. Values as high as 703,000 x 
10°? gram of radium per liter have 
been reported, although relatively few 
springs are reported to contain in ex- 
cess of 10,000 x 10-'* gram per liter. 
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The Atomic Energy Commission 
and its contractors have established 
tentative tolerance values for all of 
the radioactive elements. These ten- 
tative values are subject to revision 
as more is learned about the toxicology 
of the materials or of various com- 
binations of the materials. Tentative 
tolerance values for various radio- 
active materials have been suggested 
by Placak and Morton (3). 

In devising methods of treating 
radioactive wastes, the AEC installa- 
tions have taken into consideration 
the possible variations in the tolerance 
values. Zach installation, with its 
particular problems, has endeavored 
to incorporate into the liquid waste 
treatment process designs a factor of 
safety large enough to insure that the 
process will meet all future require- 
ments. 

When one contemplates the treat- 
ment of radioactive wastes, one of the 
first important factors encountered is 
the fact that radioactivity cannot be 
destroyed. It is not like B.O.D., 
which can be oxidized to safety, or 
like sludge, which can be dried and 
sold as fertilizer. The only thing that 
is effective in destroying radioactivity 
is time, and for a material like pluto- 
nium, with a half-life of 25,000 years 
—well, there just isn’t enough time. 
Obviously, the materials with short 
half-lives may be stored in holding 
tanks until they have expended their 
energies by disintegration into stable 
substances that are nonradioactive. 
Storage of wastes containing materials 
with a long half-life is not the desira- 
ble ultimate method of treatment. To 
reduce storage requirements to a mini- 
mum, it is desirable to remove the 
radioactive materials from the liquid 
and to concentrate the radioactivity 
into the smallest practicable package. 

Radioactive wastes present another 
problem in that their characteristics 
are quite variable. Although some 
production activities may produce 


wastes of comparatively uniform na- 
ture, the characteristics of laboratory 
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wastes are entirely unpredictable. 
Samples of composite wastes from the 
Los Alamos Laboratory have shown 
variations in total solids from 200 
p.p.m. to more than 8,000 p.p.m. 


Treatment Methods 
Storage 


Several methods of treating or 
concentrating radioactive liquid wastes 
are available. Storage has already 
been mentioned, and when any other 
method of treating radioactive wastes 
is considered, the ultimate products 
of treatment result in a liquid rela- 
tively free of contamination plus a 
concentrate containing the bulk of the 


radioactivity. The present ultimate 
disposition of the concentrate is 
storage. 


In addition to storage, other meth- 
ods of treating radioactive wastes are 
by evaporation, ion exchange, adsorp- 
tion agents, chemical coagulation, and 
biological methods. The ion exchange, 
chemical, and _ biological treatment 
methods have been proved useful for 
removing certain elements from solu- 
tion. However, much work remains to 
be done before it can be said that 
these methods can be economically 
and efficiently applied to all problems 
of radioactive waste disposal. 


Evaporation 


Evaporation, although expensive, is 
particularly useful for concentrating 
the radioactive materials that are dif- 
ficult or impossible to remove from 
solution by the other methods. Brow- 
der (4) has reported on the installation 
of an evaporator at Oak Ridge Na- 
tional Laboratories, which was put 
into operation when underground 
storage space was filled up and con- 
centration became necessary. This ex- 
perimental unit has apparently given 
little trouble other than some foaming 
problems. He reports that the opera- 
tion of the unit has materially pro- 
longed the life of the storage tanks 
and plans are under way for building 
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a new and improved evaporator for 
use at this installation. 

McCullough (5) has described the 
operation of a more elaborate evapo- 
rator installation at the Knolls Atomic 
Power Laboratory. The policy of al- 
lowing ‘‘no detectable radioactivity’’ 
to enter the Mohawk River made it 
necessary to choose a method of treat- 
ment that could most likely meet these 
strict requirements. This system con- 
sists of: flash pan, circulating pump, 
heat exchanger, separating tower, and 
condenser. After evaporation to about 
40 per cent solids, the heel is trans- 
ferred to double drum vacuum driers 
and the dried material is removed 
and stored in steel drums. The plant 
is operated at a design basis of 125,000 
gal. per month on two-shift operation. 
As could be expected, the 
treating wastes in this type of plant 
is quite high when compared to the 
operation of normal industrial waste 
treatment plants. The total cost, in- 
cluding labor, power, maintenance, in- 
direct laboratory expense, and amorti- 
zation, amounts to 13.8¢ per gallon. 
Operating on a three-shift basis and 
treating 2,250,000 gal. per year, the 
cost would be cut to 11.4¢ per gallon. 


cost of 


Ion Exchange 

The possibility of treating labora- 
tory wastes of fairly low-level activity 
by ion exchange has been described 
by Ayres (6), who has investigated 


the use of various types of ion ex- 
change resins under a great number 


of laboratory conditions. It appears 
that both cation and anion exchange 
columns would be necessary because 
amphoteric ions, such as tellurate and 
molybdate, are removed very _ineffi- 
ciently in a cation exchange column, 
but are quite readily removed in an 
anion exchange column. Mixed beds, 
containing both the cation and anion 
exchange resins, will work as well as 
the two-bed system and may have 
some slight advantage in operation. 
Where the contamination is very 
slight, a simple cation exchange bed 
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may be sufficient and a single bed 
would remove the most troublesome 
isotopes, such as barium, strontium, 
zirconium, and the rare earths. These 
elements are very dangerous, as they 
tend to concentrate in the body. Also, 
they would be apt to precipitate in 
stream beds or sewage lines and cause 
high local concentrations. 

After the waste passes through the 
ion exchange bed the activity is held 
in the resin, which could then be 
stored or further concentrated by igni- 
tion. For example, a laboratory pro- 
dueing 1,000 gal. of waste per week 
having a solids content of 2,000 p.p.m. 
could be treated in a two-bed ion ex- 
change system, giving a final waste 
volume of 0.6 cu. ft. The cost of this 
treatment would be about $50 per 
week. It would be unwise to regener- 
ate the resin, because regeneration 
would result in another liquid waste 
containing the original radioactivity 
and would only present another 
problem. 


Chemical Precipitation 


Another method of treating radio- 
active chemical precipita- 
tion. many radioactive ele- 
ments form practically no insoluble 
salts and for this reason are difficult 
to treat by this method. Lauderdale 
(7) has deseribed the use of phosphate 
precipitation for some of these wastes. 
Preliminary investigations indicate 
that much of the activity may be re- 
moved by this method, because the 
phosphate appears to be the most 
practical common insoluble salt of the 
greatest number of isotopes encoun- 
tered in mixed fission product wastes. 
Another possibility would be a series 
of precipitations, such as phosphate, 
hydroxide, and sulfate. However, this 
would entail the production of a rela- 
tively large quantity of radioactive 
sludge to be disposed of. 


wastes is 


Of course, 


Activated Sludge 


The problem of disposal of radio- 
active wastes is materially simplified 
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if only one element is present. In 
some of the wastes at Los Alamos the 
only consequential contaminant is plu- 
tonium. With a half-life of about 
25,000 years, storage for several half- 
lives of this material is, of course, out 
of the question. One characteristic of 
plutonium is that it is quite tightly 
adsorbed by a great number of ma- 
terials. This suggested the use of ac- 
tivated sludge and Ruchhoft (8) and 
Newell (9) have reported on the use 
of activated sludge in removing plu- 
tonium from laboratory wastes. This 
work indicated that plutonium could 
be removed by the activated sludge 
process, but that the process may be 
quite involved from a practical operat- 
ing viewpoint. Activated sludge, how- 
ever, has certain advantages and the 
use of this process under certain con- 
ditions is very attractive. Ruchhoft 
et al. (10) have further reported on 
the use of synthetic foods for radio- 
active wastes deficient in essential ele- 
ments for activated sludge treatment. 


Adsorption Agents 


The success with activated sludge 
prompted an investigation of the use 
of adsorption agents and Christenson 
et al. (11) have reported on this 
method. Preliminary work on these 
materials indicated that finely ground 
pumice, celite, tufa (a voleanie rock), 
and other similar materials were quite 
effective in removing plutonium. Ac- 
tivated carbon of the type used in wa- 
ter treatment was the most efficient of 
all adsorption agents tried, but some 
practical operating difficulties were 
encountered. Plutonium will not be 
removed efficiently if certain complex- 
ing agents such as citric acid, phos- 
phates, detergents, etc., are present in 
the waste. The efficiency can be im- 
proved by close adjustment of the pH 
of the solution. Unfortunately, in the 


ease of carbon the effective pH is in 
the range of 2 and operating a plant 
under such conditions presents expen- 
sive construction and operation prob- 
Carbon, of course, does have 


lems. 
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the advantage that it could be ignited 
after adsorption of the plutonium, 
which would result in further concen- 
tration of the plutonium. Work is 
continuing on this phase and, like acti- 
vated sludge, under certain conditions 
it is very attractive. 


Los Alamos Treatment Plant 


Christenson et al. (11) have de- 
scribed the experimental work on Los 
Alamos Laboratory wastes that led 
to the construction of a treatment 
plant. Chemical coagulation with 
iron and lime seemed to give the best 
results of all methods tried. Other 
coagulants and alkalies also gave good 
results, but for various reasons iron 
was the chosen coagulant. The resid- 
ual plutonium in the filtered effluent 
from this type of treatment was well 
below the tentative drinking water 
tolerance for this material. Consid- 
erable difficulty was encountered 
when these wastes contained complex- 
ing agents, such as citrates and phos- 
phates. This interference was over- 
come by the addition of caleium ion 
and raising the pH to about 12. <Aec- 
tivated sodium silicate was valuable 
in assisting floc formation. The 
amount of sludge produced by this 
process depends upon the chemical 
characteristics of the waste—labora- 
tory studies indicate that an average 
of 20 gal. of wet sludge will be pro- 
duced per 1,000 gal. of waste treated 
by this method. The sludge ean be 
further concentrated to about 3 lb. of 
dry solids, which is considerably less 
than the amount of solids that would 


be produced by evaporation. They 
further describe a plant to treat 
laboratory wastes containing tracer 


amounts of plutonium. This plant 
provides for serial flocculation and 
sedimentation, sand filtration, and vac- 
uum filtration of sludge. Several 
months’ operation of a pilot plant has 
confirmed experimental laboratory re- 
sults. Recirculation of settled sludge 
has appeared quite effective in treat- 
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ment, decreasing the ultimate amount 
of sludge which would be produced. 
Trickling Filter Plant 


A special 
laundry wastes 


treating 
contaminated with 
plutonium has been described by 
Newell et al. (12). As with the labora- 
tory wastes previously described, sev- 
eral methods of approach were con- 
sidered. The method finally arrived at 
was the use of a trickling filter. 

They report that a trickling filter 
will effectively remove the plutonium 
from laundry wastes, in addition to 
oxidizing the B.O.D. An activated 
sludge process would not be satisfactory 
for treating laundry wastes, because of 
the foaming problems encountered in 
operation. The trickling filter will 
produce less than 5 per cent of the 
sludge which would result from an ef- 
fective chemical treatment process. 
This is an important consideration, as 
the handling of radioactive sludge is 
an expensive, as well as hazardous, pro- 
cedure. The report contains results of 
several months’ operation of a pilot 
plant treating laundry wastes contain- 
ing plutonium. From the operation of 
this pilot plant the authors concluded 
that a trickling filter plant design for 
treating these wastes should provide 
the following features: 


problem in 


1. A holding tank, to allow continu- 
ous application of the laundry waste 
to the filter system at a constant rate. 

2. A two-stage trickling filter system 
with provisions for varied recirculation 
ratios. Present data indicate that series 
operation with a recirculation of 6:1 
over each filter will effect the desired 
plutonium removal. However, it may 
be necessary to recirculate at a rate as 
high as 15:1 while placing the filter 
system into operation. 

3. Extremely low rates of application 
of the raw laundry waste with respect 
to volume and B.O.D. The data show 
that desired plutonium removal may be 
effected at an application rate of 0.3 
m.g.d. per acre with a B.O.D. loading of 
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about 150 Ib. per acre-foot per day, 
based upon the primary filter. 

4. Facilities for adding supplemental 
nitrogen and phosphorus to the laundry 
waste before it is applied to the pri- 
mary filter. The amount of nitrogen 
in the waste should be sufficient to in- 
sure that the final effluent will contain 
a relatively high concentration of ni- 
trates. 

5. The secondary effluent should be 
filtered to insure removal of any car- 
ried-over suspended matter. Explora- 
tory studies indicate that an ordinary 
rapid sand filter will be effective. 


Additional Waste Sources 


The comparatively new field of re- 
search using radioactive isotopes in 
medicine, as well as industry, has in- 
troduced a newer though much smaller 
problem of radioactive waste disposal. 
The ‘‘Eighth Semi-Annual Report of 
the Atomie Energy Comission’’ (13) 
shows that more than 11,000 separate 
shipments of these materials have been 
made since August, 1946, by the Isotope 
Division, Oak Ridge National Labora- 
tories. Shipments are not made to 
everyone who asks for the material, the 
installations making the requests be- 
ing very carefully selected. Quite often 
the personnel are given special train- 
ing in the use of this material. Of 
course, the quantities are small and in 
many eases the waste material can be 
flushed down the drain provided there 
is enough dilution. Much of the ma- 
terial has a comparatively short life 
and can be stored. Some of the prod- 
ucts are shipped back to Oak Ridge for 
disposal. ‘‘Handbook 42,’’ by the Na- 
tional Bureau of Standards (14), gives 
a complete coverage of this subject. 

The research and development de- 
scribed in this paper represents only 
a small portion of the work which has 
been conducted on the disposal of 
radioactive wastes. The scope of the 
work is best summed up by the AEC 
(15) in its statement that ‘‘The Com- 
mission relies heavily upon the indi- 
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vidual programs of its prime con- 
tractors. In addition, it draws upon 
the talents and knowledge of other Fed- 
eral agencies; of State and local health 
officials and sanitary engineers, and 
of specialized industrial consultants 
trained in engineering and health tech- 
niques. A number of agencies—notably 
the United States Public Health Serv- 
ice, the United States Weather Bureau, 
the Tennessee Valley Authority, and 
the United States Geological Survey— 
are already cooperating with the Com- 
mission in the solution of specific prob- 
lems.’’ 


Summary 

1. Radioactivity discharged to 
streams, rivers, and lakes will tend to 
be concentrated by the aquatic life, 
which apparently is not harmed by the 
radioactivity normally present in the 
wastes. 

2. Natural ground and surface waters 
have been found to contain small 
amounts of radium. Some spring wa- 
ters have been found to contain rela- 
tively high concentrations of radium. 

3. Methods for handling radioactive 
wastes include storage, evaporation, ion 
exchange, adsorption agents, chemicai 
coagulation, biological methods, or com- 
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binations of these methods. All meth- 
ods of treatment result in a radioactive 
residue, which must be stored. 


a) Storage, the first method used for 
handling radioactive wastes, be- 
comes expensive and unwieldly 
for large quantities of long-life 
isotopes. It is the most convenient 
method of handling short-life iso- 
topes. 

b) Evaporation is a sure method of 
treating radioactive wastes, but is 
quite expensive. 

c) Ion exchange appears to be quite 
promising in the removal of 
radioactivity from laboratory 
wastes. 
Chemical coagulation is more use- 
ful in treating water containing 
single elements. Iron and lime 
treatment appears best. Phos- 
phate coagulation is useful in 
treating water containing mixed 
fission products. 

Adsorption agents have limited 

use. 

f) Biological methods are limited to 
few applications. Treatment of 
laundry waste in a trickling filter 
appears to remove plutonium to 
desirable limits. 
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WATER POLLUTION ABSTRACTS AVAILABLE 


The British Department of Scien- 
tific and Industrial Research has 
announced that Water Pollution Ab- 
stracts, a monthly publication pre- 
pared by the Department’s Water Pol- 
lution Research Staff, is available on a 
single-copy or annual subscription 


basis. The abstracts cover world lit- 


erature in the fields of water supply, 
water analysis, sewage collection and 
treatment, industrial waste treatment, 


and pollution of natural waters. Au- 
thor and subject indexes are published 
annually as a separate issue. 

Formerly 
Current 


issued as Summary of 
Literature, the abstracts are 


prepared, as far as possible, from the 
original literature. When, however, 
it is not possible to consult the original 
literature, the abstracts are prepared 
from published summaries or ab- 
stracts, the consulted then 
being given as an extra reference. 

Water Pollution Abstracts is obtain- 
able in the United Kingdom through 
the various offices of H. M. Stationery 
Office; in the United States, from 
the British Information Services, 30 
Rockefeller Plaza, New York 20, N. Y. 
Single copies are priced at 2 s. 1 d. 
($0.30); the annual subscription rate 
is 24 s. O d. ($3.36). 


source 


a 

: 

vite) 
i 

; a 

; 

: 


COAL WASHERY WASTES IN WEST VIRGINIA * 


By E. GInLeNWATER 


Junior Engineer, State Water Commission, Charleston, W. Va. 


West Virginia’s general program for 
the abatement of stream pollution in- 
volves the classification of every major 
stream in the state into water quality 
zones, depending upon the degree of 
pollution. Major sourees of pollution 
in the critical zones are placed in first 
priority for the installation of treat- 
ment facilities. Separate programs for 
industrial and municipal pollution con- 
trol exist under the broad general pro- 
eram. 

Due to certain obstacles, coal prepara- 
tion plants do not fit into the general 
plan for industries and, therefore, have 
become a separate problem. A large 
majority of the washeries are situated 
on small streams that are as yet un- 
classified. However, in many instances, 
they constitute the only major source 
of pollution on these streams, and the 
pollution is of such a degree as to place 
the stream in a critical category. This 
problem is acute in some sections and 
is rapidly spreading throughout the 
state. It has resulted not from a lack 
of technical know-how, but from other 
causes. Unlike most other industrial 
wastes, coal washery silt is compara- 
tively simple to eliminate. However, it 
is not the purpose of this paper to 
present in detail the various treatment 
methods, but to describe the problem 
as it exists. 


State Survey 


Like certain other states, when West 
Virginia’s laws on pollution abatement 
were written coal washery silt was ex- 
eluded, provided mainly that certain 
conditions be met regarding publie 
health. Other states have now removed 

* Presented at 1950 Annual Meeting, West 


Virginia Sewage and Industrial Wastes Assn.; 
Huntington, W. Va.; Sept. 14-15, 1950. 


the exemption on silt, although West 
Virginia has not yet done so. 

There is a mounting pressure from 
neighboring states, sportsmen’s organi- 
zations, and the general public upon 
the State Water Commission to do 
something about these wastes. We are 
now engaged in a cooperative under- 
taking with the coal washery operators, 
and are meeting with a certain measure 
of success. However, lacking the proper 
legal foundation, a definite and in- 
clusive program is impossible. Small 
and widely scattered plants in increas- 
ing numbers have added to the com- 
plexity of the situation. A dearth of 
information on plant conditions has 
long existed, but this is now being 
remedied through sampling and analy- 
sis. 

In the beginning, the State Water 
Commission lacked both the funds and 
personnel to conduct a thorough in- 
vestigation so necessary in the formu- 
lation ‘of a comprehensive _ policy. 
Funds made available by the Federal 
Government are now enabling the Wa- 
ter Commission to make such a survey. 
The purpose of the survey is three- 
fold: to locate, by streams, all the 
washeries in the state; to determine 
the characteristics of the wastes and 
their effect upon the stream; and to 
study the performance of various types 
of installations. When enough data 
have been assembled to show conclusive 
facts, a coal washery waste manual will 
be prepared setting forth the state’s 
approach to the problem. This manual, 
serving as a guide to the industry, is 
to become the basis for an anticipated 
state-wide program for abatement of 
pollution from coal washeries. Com- 
panies constituting sources of pollu- 
tion, as indicated by actual investiga- 
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tion, will receive reports on the plant 
conditions. Some reports have al- 
ready been mailed and serve as an 
advance notification that treatment fa- 
cilities are needed for the abatement 
of stream pollution. 

In many instances, the washery op- 
erators have installed, or are planning 
to install, waste treatment facilities. 
This voluntary cooperation on the part 
of some is gratifying, but in order to 
solve the problem justly and satisfae- 
torily, there must be available sound 
legal means to enforce pollution abate- 
ment. 

The practice of washing coal is rather 
old, having been introduced into Great 
Britain about 1865. The recognition 
of its effect upon streams is almost as 
old, as in 1874 the British Rivers Pol- 
lution Commission reported that cer- 
tain streams were severely polluted by 
coal washery waste water. 


Source of Coal Fines 

There are a wide variety of wash- 
ers in West Virginia, including jigs, 
classifiers, Jaunders, and dense media 
The methods of plant op 
eration vary from company to company 
and with each type of washer. 

Washing processes are usually de- 
pendent upon the difference in specific 
rravity between the coal and the refuse. 
Water is generally used as the washing 
medium; however, caleium chloride so- 
lutions and water suspensions of sand 
or magnetite are also in wide usage. 
In all coal, being the lighter, 
floats to the top. while the denser par- 
ticles of refuse are removed from the 
bottom of the washer. 

Fine particles of both coal and refuse 
remain in suspension in the washer 
water. In most plants, a portion of 
this water is bled off, either continu- 
ously or periodically. This is the waste 
water, which is of concern in the mat- 
ter of stream pollution. Incidentally. 
the practice of locating coal and refuse 
dumps along the stream banks is also 
of concern. 

Wide variations have been found in 
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the amount of waste water, the per- 
centage solids, and the size range of 
solids in the waste. There are also wide 
variations in the manner in which the 
waste water is discharged, ranging 
from no treatment whatever to elabo- 
rate clarification and recovery systems. 

As far as is known, there are 174 
coal washing plants in operation in 
West Virginia. Broken down by drain- 
age basins, this includes 18 in the 
Monongahela basin, 42 in the Tug Fork- 
Big Sandy basin, 48 in the Guyandotte 
basin, 59 in the Kanawha basin, 6 in 
the main Ohio basin, and 1 in the 
Potomae basin. This figure does not 
include the five known to be under con- 
struction. It is estimated that there 
may be as high as 10 or 15 more 
throughout the state whose status is 
unknown. 

These preparation plants range in 
capacity from about 200 to 10,000 tons 
of washed coal per day. Records for 
33 washers in MeDowell County indi- 
cate that about 36,000 tons of coal are 
washed per day, amounting to about 
30 per cent of that county’s total pro- 
duction. Ten washers in Monongalia 
County clean about 23,100 tons of coal 
per day or about 38 per cent of that 
county’s total production. Nine wash- 
ers in Mingo County wash an esti- 
mated 12,800 tons per day or about 37 
per cent of the total county produc- 
tion. 

Based on the survey in MeDowell and 
Mingo Counties, which is still ineom- 
plete, it is estimated that Tug Fork 
and its tributaries are carrying not less 
than 500 tons of coal washery silt per 
day. Ata single large plant about 100 
tons of silt are being discharged per 
day. 


Effect on Streams 


The effect of coal washery wastes 


upon streams is mostly physical. The 
B.O.D. of coal washery wastes is neg- 
ligible and the dissolved oxygen is not 
altered noticeably. Laboratory tests on 
washery effluent samples from the 
southern West Virginia coal fields show 
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FIGURE 1.—Profiles of Tug Fork at Litwar, W. Va. 


alkaline results. Only one of the group 
analyzed thus far shows acid results. 
It might be worth-while to note that 
this was an effluent from a settling 
basin located in a gob pile, and that 
acid conditions exist in the mine. The 
washery water going to the settling 
basin was alkaline. 

It is the suspended solids almost en- 
tirely which are of concern. These 
solids, carried along by the streams in 
great quantities, settle out quite read- 
ily in sluggish streams and more slowly 
in the rapid ones. It is in the pools 
of the stream bed, where the current 
is slow, that the effects of silting are 
more apparent. Profiles of Tug Fork 
at Litwar show an unstable and con- 
tinually shifting bed. Figure 1 shows 
changes in the elevation of the river 
bed occurring during the first four 
months of this year. The pool silts up 
during periods of low flow and washes 
out during the high-flow periods. 

Although no health hazards are 
known to exist, waters laden with coal 
silt can be labelled a public nuisance. 
The unsightly appearance of coal wash- 
ery wastes naturally arouses public in- 
dignation. These wastes are detri- 


mental to aquatic life, as the silt de- 
posits smother both fish eggs and food. 


Recreational value of the streams ear- 
rying coal fines is seriously impaired. 
Farmers complain of black silt deposits 
on their bottomland, washed there dur- 
ing periods of high water. Letters of 
complaint have been received from 
other individuals and organizations de- 
scribing the nuisance created by silt 
from coal washeries. The Water Com- 
mission’s explanation of why these con- 
ditions continue to exist has not been 
very satisfying. 

Loss of new industrial development 
cannot be evaluated, but the effect of 
coal washery wastes upon industrial 
and domestic water uses is of consider- 
able significance. The sand and gravel 
industry has been hurt by fine coal in 
the sand deposits, resulting in the loss 
of many valuable customers. It might 
be interesting to note that a sand com- 
pany in West Virginia is recovering 
approximately 20,000 tons of coal per 
year as a by-product. However, the 
source of this coal, which is of egg and 
nut-slack sizes, is said not to be coal 
washeries, but gob piles and coal 
dumps located as far as 40 to 60 mi. 
upstream. 

Some excellent statistics have been 
received regarding the increase in cost 
attributable to coal washery wastes in 
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TABLE I.—Effluent Analyses at Various Plants 


Characteristic 


pH 

Hardness (p.p.m.) 

Alkalinity, methyl orange (p.p.m.) 
Alkalinity, phenolphthalein (p.p.m.) 
Sulfates (p.p.m.) 

Total solids (p.p.m.) 

Dissolved solids (p.p.m.) 

Suspended solids (p.p.m.) 

Coal in waste water (tons/day) 


! Negative alkalinity denotes acidity. 


treating a municipal water supply. 
These figures show that at one particu- 
lar plant it cost $2.96 to treat 1 m.g. 
of water with alum, lime, and chlorine 
in 1946. In 1947, the cost was $2.71; 
in 1948, $3.72; in 1949, $4.81; and in 
1950, $7.15. This inerease in cost was 
chiefly due to additional alum and lime 
required to coagulate the coal fines. 
These treatment costs were calculated 
on the basis of present-day prices, and 
does not include an initial cost of $600 
incurred for a lime feeding machine. 

Most of the seriously polluted 
streams lie in the Tug Fork, Guyan- 
dotte, and Coal River watersheds. 
There are approximately 192 mi. of 
stream affected in the Tug Fork basin, 
about 220 mi. in the Guyandotte, and 
about 115 mi. in the Coal River basin. 
Other seriously polluted streams are 
tributary to the Kanawha, Gauley, 
Bluestone, Ohio, New, and Mononga- 
hela Rivers. 

Table I shows how the effluent analy- 
sis varies from plant to plant. Table 
II shows the results of a screen analy- 
sis of the solids found in the washery 
water. Figure 2 shows the settling 
curve for the solids under laboratory 
conditions without coagulation. At the 
end of the constant rate period (Point 
A) the height was 48.8 per cent of the 
original height. At Point B, the height 
was 39.9 per cent of the original height. 
The supernatant liquid at this point 
contained 108 p.p.m. of suspended sol- 
ids, whereas the sludge contained 50 


Plant 1 Plant 2 | Plant 3 


7.65 
1,560 
66 
oni 3) 
1,700 
56,624 3,78 } 124,011 
2,436 296 427 
54,188 3,48 | 123,584 
8 


per cent moisture. The original con- 
centration of suspended solids in this 
sample was 54,188 p.p.m. 

In quite a few instances the water 
supply has been inadequate to handle 
the needs of the washery during the dry 
summer months. In eases like this the 
company would benefit by clarifica- 
tion and recirculation of the washery 
waste water. Even if the coal fines 
were not of sufficient quantity or qual- 
ity to make their recovery profitable, 
the saving of water would be advan- 
tageous. There are other companies 
which could, by installing clarification 
systems, enjoy a return on the invest- 
ment by the recovery of coal fines in 
the waste water. 


TABLE II.—Screen Analysis of Coal 
Washery Waste Water Solids 


Retained (% 
Volatile 
Matter? 


Ash? 
Cumula- | (%) 


10 

20 

30 
10 

60 
80 

100 

200 

> 200 42.67 100.00 


U.S. Standard series. 
Ash and volatile matter expressed on dry 
basis. 
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FIGURE 2.—Typical settling curve for coal washery wastes solids under laboratory 
conditions without coagulation. 


Treatment Methods 


Settling lagoons provide the sim- 
plest and most efficient means of clari- 
fication. To be of value the ponds 
must be of sufficient capacity and cor- 
rectly maintained. A pond is of little 
value unless its capacity is great 
enough to provide the detention pe- 
riod demanded by the quantity of wa- 
ter and the settling characteristics of 
the solids. 

Several other methods of handling 
coal washery wastes are in general 
practice. One has been to pump the 
waste water to abandoned sections of 
the mine and allowing the solids to 
settle there. Another is the use of 
mechanical equipment, such as filters, 
clarifiers, ete. <A tailings pond is 
usually necessary with this type of 
equipment. Still another method is 


to allow the waste water to percolate 


through refuse dumps. This is ef- 
fective in removing the suspended 
coal fines, but the seepage might still 
be undesirable due to leaching of 
various salts from the refuse bed. 
Addition of coagulants is recom- 
mended by some authorities to in- 
crease the settling rate, and appears to 
be in wide industrial usage in Eng- 
land. The use of coagulants to treat 
coal washery wastes in West Virginia 
is limited to municipal water works. 
Causticized starch is most generally 
mentioned in the British publications. 
Other coagulants mentioned are mix- 
tures of ferric chloride and starch, 
ferrous sulfate and lime, and other 
metallic salts in alkaline mediums. 


State Criteria 


There are three specifications by 
which the State Water Commission 
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judges a coal washing plant. These 
are: 


1. Water discharged from a coal 
preparation plant shall not carry more 
than 300 p.p.m. of suspended solids 
of washery origin. 

2. The waters shall not increase the 
acidity of the carrying stream. 

3. A stand-by basin must be pro- 
vided to retain the effluent in emer- 
gvencies when treatment equipment 
failures oceur. 


During the course of the survey, 
there have been numerous complaints 
that the first of these specifications is 
unreasonable. It has been found in 
every case thus far that where a pond 
of adequate size is correctly main- 
tuined, the effluent solids are below the 
300 p.p.m. limit. However, if further 
investigation proves this value to be 
unreasonable, it will be revised. 

Arrangements have been made 
through the State Health Department 
to issue certificates of approval to 
plants meeting these specifications. 
New plants submitting plans for ap- 
proval are being judged by the deten- 
tion period of «he settling ponds, and 
the certificate of approval includes 
the stipulation that the plant be op- 
erated in such a manner that the ef- 
fluent specifications will be met. 

If we are to get anywhere in this 
business of pollution abatement, there 
must be well-defined and all-inclusive 
laws. Until such laws are written, 
covering all types of wastes, there will 
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continue to exist an unjust and rather 
ridiculous situation, where wastes of 
some industries can legally be regu- 
lated while others cannot. 

In order to arrive at a sensible and 
reasonable policy regarding coal wash- 
ery wastes, suggestions from the in- 
dustry will be welcome. Certain ob- 
stacles are readily apparent. Many 
washing plants are small and are op- 
erated by short-term, high-cost pro- 
ducers. The locations of some plants 
in V-shaped valleys make the installa- 
tion of settling equipment awkward. 
This has been overcome in some in- 
stances by pumping the waste water 
to basins at the top of the hill, and al- 
lowing it to percolate through the 
ground. 

There are difficulties, but they must 
be overcome if we are to restore our 
streams to a clean and healthy condi- 
tion. The idea that polluted streams 
are the price we have to pay for indus- 
trial development is foolish and out- 
dated. We have learned our lesson 
regarding the conservation of our min- 
eral resources; we must now learn that 
water is one of our most priceless pos- 
sessions, and that our future depends 
upon the eare we take of it. 
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DETERMINATION OF CYANIDES IN SEWAGE AND 
POLLUTED WATERS 


By I. Nuspaum AND Peter SKUPEKO 


Supervising Sanitary Chemist and Sanitary Chemist, respectively, 
Sewage Treatment Plant, Detroit, Mich. 


The ultimate sim of the analytical 
chemist, and particularly the chemist 
whose principal duties are the deter- 
mination of microquantities of pollu- 
tants in industrial wastes, sewage, and 
polluted waters, is the discovery and 
use of methods requiring little or no 
manipulation to obtain a reasonable de- 
gree of accuracy with a minimum of 
interference. The determination of free 
eyanides in sewage and polluted waters 
has been one of the analytical methods 
that has provided the analyst with 
serious difficulties, particularly in con- 
centrations of cyanide ion up to 10 
p.p.m. Because many stream standards 
and objectives now being formulated 
and in use set standards such as 
not to exceed 1 p.p.m. cyanide in the 
effluent from municipal and industrial 
plants or systems, or 0.1 p.p.m. ecya- 
nide in the stream, it becomes necessary 
to establish a method which will indi- 
cate with some degree of certainty cya- 
nide present in small amounts. 

Sensitivity in the required range is 
reported for methods utilizing phe- 
nolphthalin, o-cresolphthalin (1), Prus- 
sian blue (2), pyridine-pyrazolone mix- 
ture with cyanogen halide (3), and 
pyridine-benzidine with eyanogen hal- 
ide (4) (5). 

The methods, as applied previously, 
require the separation of the cyanide 
from the original solution for several 
reasons, among which are the presence 
of interfering substances to the reac- 
tion, and turbidity interfering with 
colorimetric analysis and not easily re- 
movable by filtering. It was decided to 
investigate the methods as to the possi- 
bility of some modification which would 
permit the determination of cyanides 


directly on the original sample. This 
eliminated the phenolphthalin and o- 
eresolphthalin methods. These methods 
are non-specific for cyanides and must 
usually’ be applied to samples which 
have been concentrated by distillation. 

The Prussian blue method (2) re- 
quires the volatilization of the cyanide 
and its absorption on treated filter 
paper, and is thus subject to similar 
errors of separation. It was discov- 
ered that the presence of small amounts 
of ferro- or ferricyanides in the sample 
would on distillation break down, re- 
leasing cyanide and causing appreci- 
able errors in the microdetermination. 
The pyridine-pyrazolone color develop- 
ment (3) was found to be dependent 
upon the presence of a small amount of 
bispyrazolone and required additional 
manipulation and the preparation of a 
relatively unstable reagent. Prelimi- 
nary investigation indicated that the 
pyridine-benzidine reaction with cy- 
anogen halide as performed by Aldridge 
(4)(5) had the necessary sensitivity 
and stability. This reaction and the 
pyridine-pyrazolone reaction are vari- 
ations of the Kénig synthesis (6) for 
the preparation of colored substances 
by reacting cyanogen chloride or bro- 
mide with pyridine and an aromatic 
amine. A large number of amines will 
perform substantially as benzidine and 
phenyl 3-methylpyrazolone do, with 
varying colors and degrees of sensi- 
tivity. 

Aldridge’s method could not be ap- 
plied directly with accurate results to 
turbid waters, because turbidity in the 
sample would interfere with the use 
of a photelometer or spectrophotometer. 
In addition, the method was limited to 
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the presence of approximately 0.3 
microgram per ml. of sample, which 
would limit the lower range of the 
quantitative determination to 0.3 p.p.m. 
CN. By performing the determination 
in the presence of n-butyl alcohol, and 
extracting the dye formed with the 
n-butyl aleohol, the sensitivity of the 
method was extended. The butyl al- 
cohol extract was free of turbidity and 
the colors formed could be easily com- 
pared visually or photometrically. 


Apparatus and Reagents 


A Beckman spectrophotometer, Model 
B, with l-cm. cuvettes was used in 
establishing the wave length of maxi- 
mum extinction and a_ ealibration 
curve. 

The reagents required are as follows: 


1. Phosphoric acid solution, 10 per 
cent. 

2. Bromine water. It is not essential 
that this solution be saturated. 

3. Sodium 
cent. 

4, n-butyl] alcohol, reagent grade. 

5. Pyridine solution, 25 per cent, con- 
taining 2 ml. cone. HCl] per 100 ml. 

6. Benzidine HCl solution, 2 per cent. 

7. Standard cyanide solution con- 
taining 1 microgram CN per ml. (1 
p.p.m.). Prepared by diluting a 1,000- 
p.p.m. CN solution standardized by the 
Liebig method. 


arsenite solution, 2 per 


Procedure 

To a 10-ml. sample of sewage or other 
material to be tested, containing up to 
5 micrograms cyanide, add 2 drops of 
10 per cent phosphoric acid and several 
drops of bromine water until the mix- 
ture shows a slight excess of bromine 
by the presence of the color of free 
bromine. Add sodium arsenite solution 
drop by drop until the color disappears, 
and then add one extra drop. Add 10 
ml. n-butyl alcohol, stopper, and shake. 
Prepare the pyridine-benzidine re- 
agent by mixing 5 ml. 25 per cent 
pyridine solution and 0.3 ml. 2 per 
cent benzidine solution, and add to the 
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sample-butyl alcohol mix. Stopper and 
shake vigorously. Permit the color to 
develop for at least 15 min. before com- 
paring the orange color which develops 
in the aleohol layer. Separate the buty] 
aleohol extract and compare visually or 
photometrically. 

Standards may be prepared by tak- 
ing up to 5 ml. of the eyanide solution 
containing 1 xg. per ml. and diluting to 
10 ml. In a 10-ml. sample this repre- 
sents up to 0.5 p.p.m. CN. Should the 
unknown solution contain in excess of 
0.5 p.p.m. CN, it may be compared with 
a curve based on a 10-ml. sample by 
diluting an aliquot to 10 ml. with dis- 
tilled water. Using a standard sample 
size of 10 ml. eliminates the variation 
in volume of the extract, which might 
result due to the solubility of n-butyl 
alcohol. Should the unknown contain 
less than 0.1 p.p.m. CN, a 100-ml. or 
200-ml. sample may be used, the ex- 
traction being performed with two suc- 
cessive 10-ml. portions of n-butyl alco- 
hol. A new calibration curve should 
be made for the larger sample size and 
larger amount of extracting solvent. 
For the n-butyl alcohol there may be 
substituted n-amyl aleohol, which is 
much less soluble in water than the 
butyl alcohol. 


Discussion 


A sample containing a small amount 
of the standard cyanide solution was 


TABLE I.—Calibration Curve Data 
(Beckman Spectrophotometer, Model B, 
Wave Length, 480 Millimicrons; 

1-Cm. Light Path) 


CN Added 
ml. (% 


Transmittance 
oy) 


87.0 
76.9 
67.0 
58.5 


0.25 
0.50 
0.75 
1.00 
1.50 
2.00 
2.50 
3.00 
4.00 
5.00 


as 
: 
3 
| 
i 
: 
| 
| 
| 34.0 
| 
| 27.2 
20.1 
11.5 
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CONCENTRATION OF CN, MICROGRAMS 
FIGURE 1.—Calibration curve for CN. 


prepared and the butyl alcohol extract 
of the color obtained. The orange-col- 
ored extract was placed in the spectro- 
photometer and the wave length of 
minimum transmittance (maximum ex- 
tinction) was obtained. The wave 
length was 480 millimicrons. All sub- 
sequent measurements in the spectro- 
photometer were made using a wave 
length of 480 millimicrons.: Table I is 
an example of the data obtained using 
sample knowns for a calibration curve. 
In plotting the data, the method ree- 
ommended by Ayres (7) was used. In 
this method absorptancy is plotted 


against the log of the concentration, 
absorptancy being defined as 100 minus 
the transmittance, in per cent. This 
curve (Figure 1) not only directly in- 
dicates conformance to Beers’ law, but 
also indicates a suitable concentration 
range for the determination. The 
curve indicates that the determination 
may be used with a reasonable degree 
of accuracy from 0.4 pg. to 5 pg. CN 
(representing 0.04 to 0.5 p.p.m. CN in 
a 10-ml. sample). The range can be 
extended to 0.2 pg. with a slight de- 
crease in accuracy. In using the above 
method of plotting data, the range of 
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determination ean often be extended 
by establishing a curve starting with 
a solution of known concentration in- 
stead of using a blank of zero concen- 
tration (7). The color was checked for 
stability in the spectrophotometer by 
permitting the samples to stand from 
15 min. to 2 hr. There was practically 
no readable change in intensity. 

A serious souree of error in Al- 
dridge’s method (4) (5) may be caused 
by the time lapse between the addition 
of the pyridine and benzidine, as he 
did not recommend mixing the reagents 
prior to adding to the sample. It was 
found that if a period of 1 min. lapses 
between the addition of the pyridine 
and benzidine, the color development is 
50 per cent less than if the reagents 
are added simultaneously. If the inter- 
vening period is increased to 3 to 5 
min., the color fails to develop. This 
accounted for the irregularities which 
occurred during the preliminary work. 
The pyridine-benzidine reagent, if 
mixed in quantity, develops a slight 
amber color in about 24 hr., which does 
not change in a two-week period. This 
reagent may be used if the calibration 
curve is established with the same re- 
agent. 

Thioeyanates will also react with 
chlorine or bromine to produce cyano- 
ven chloride or bromide, and the 
method may also be used to determine 
thiocyanates quantitatively. However, 
the presence of thiocyanate in the sew- 
age sample being analyzed will give 
high results for the determination of 
free cyanide. This may be corrected 
for by first determining total cyanogen 
halide producing substances as CN. 
acidifying another portion of the sam- 
ple with boric acid, heating to 90° to 
100° C. in a water bath, and aerating 
for 5 to 10 min. The residual color- 
producing substance may then be de- 
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termined and deducted from the total 
eyanide to yield free cyanide. 

It is also possible to differentiate be- 
tween zine and copper cyanide com- 
plexes and free cyanide by the use of 
the pyridine-benzidine reaction. Cy- 
anogen chloride or bromide is readily 
formed by adding the halogen to these 
complexes, as well as to free cyanides. 
However, the complex is not disturbed 
by acidifying with borie acid, heating, 
and aerating as above. Therefore, 
when the reaction is carried out in this 
manner the residual color will result 
from thiocyanate plus the complexed 
eyanide. 

The thiocyanate can be differentiated 
from the combined free and complexed 
eyanide by acidifying a 10-ml. portion 
with 2 drops of 10 per cent phosphoric 
acid instead of boric acid, heating, and 
aerating for 5 min. This will drive 
off the HCN produced from the ecom- 
plexes and the free cyanide, and the 
residual color-producing substance will 
be thiocyanate. 

Only one other source of interference 
has been found and this may be cor- 
rected for as above. Ferricyanides, 
ferrocyanides, and cyanates have no 
effect. Oxidizing and reducing agents, 
which might interfere, are, in general, 
removed by the bromine and sodium 
arsenite. It was found that samples 
containing an appreciable amount of 
protein, or partially hydrolyzed protein 
substances, such as gelatine, casein, 
peptone, and tryptose, would give a 
positive test for CN or CNS. Analysis 
of the color in the spectrophotometer 
showed that the wave length of maxi- 
mum extinction for the n-butanol ex- 
tract was identical at 480 millimicrons 
with that developed from cyanide or 
thiocyanate. 

A search of the literature revealed 
that amino. acids may be oxidized to 
eyanides, as follows (9): 


C O O H> RCN + 2HC1 + CO, 


q 
: 
: 
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In the ease of glycine, 
CH,COOH, HCN 
| 
NH, 


is formed, which in the presence of 
excess bromine forms CNBr, thus giv- 
ing a positive test for cyanide. 

A number of other pure amino acids 
were tried with negative results. 

Chlorine or bromine will not form 
the cyanogen halide when reacting 
with nitriles or other organic com- 
pounds with CN groups (8). It must 
be recognized that cyanogen halides are 
extremely reactive materials, and it is 
possible that some substance may be 
present in the sewage that will destroy 
the CNBr as rapidly as it is formed. 
In the large number of sewage samples 
containing many forms of industrial 
wastes that were analyzed, no such 
interference was found. Table II was 
prepared by using a sample of do- 


TABLE Il.—Comparison of Added CN and 
Amount Determined by Use of Calibration 
Curve cian 1) 
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mestic sewage containing little or no 
industrial waste. Total CN + CNS on 
the sample as received (by extrapolat- 
ing on Figure 1) was 0.2 micrograms 
as CN ina 10-ml. sample. As the data 
sought concerned substances present in 
the sewage which would cause erratic 
results, this quantity was not subdi- 
vided. To the sewage, various amounts 
of CN were added, with the results as 
shown. 


Summary and Conclusions 


By means of the modified pyridine- 
benzidine reaction with cyanogen hal- 
ides, free cyanide may be determined 
directly in sewage or polluted waters 
in the range of 0.02 to 0.5 p.p.m. with 
a reasonable degree of accuracy and 
with little interference. The range may 
be extended by diluting samples with 
greater concentrations or using a larger 
sample for lower concentrations of CN. 
Thiocyanates may be similarly deter- 
mined. The reagents are simple to pre- 
pare, stable, and readily available. 
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FIBER LOSSES AT PAPER MILLS—EFFECTS ON 
STREAMS AND SEWAGE TREATMENT 
PLANTS * 


By N. NEMEROW 


Research Associate, 


There are 40 paper mills in New 
Jersey, all of them discharging fibrous 
wastes into the streams and sewerage 
systems. Three main types of paper 
mills have been rather extensively in- 
vestigated Rutgers University 
began its studies in 1946 sponsored by 
the National Council for Stream Inm- 
provement of the Pulp, Paper, and 
Paperboard Industries. They include 
paperboard mills, tissue mills, and 
specialty mills using rags, rope, or 
jute fiber as raw materials. 


since 


Fiber Losses 
Paperboard or Chipboard Mills 


Axe (1), in a survey of New Jersey 
boardmills, found that the average 
waste flow was about 10,000 gal. per 
ton of product (containing 35 Ib. of 
suspended solids). The losses from 
the various mills surveyed varied from 
about 0.25 to 6.0 lb. per 1,000 gal. of 
waste, with an average of 3.5 lb. Fiber 
losses occur from machine vats, from 
pits, in the discharge from save-alls, 
and from spills and dumps. 
of fiber resulting from inadequate 
maintenance inefficient operation 
contribute to the pollutional value of 
the waste and are primarily a question 
of poor housekeeping in the mill. 
There to little excuse for 
fiber losses as high as 80 lb. per ton of 
product (4 per cent). The usual loss 
of fiber from save-alls is due to the in- 


ysses 


or 


seems be 


* Paper of the Journal Series, New Jersey 


Agricultural Experiment Station, Rutgers 
University, New Brunswick, N. J. Presented 
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ability of the wire, usually 40 to 60 
mesh, to effect a high degree of sepa- 
ration of the solids from the water. 
Fiber losses varying from 0.5 to 4.0 
per cent of the daily tonnage are re- 
flected in the costs of operation to the 
extent of $60 to $75 a day and should 
be sufficient incentive for more com- 
plete recovery. 


Tissue Mills 


The tissue mills produce sanitary 
specialty products from sulfite and 
groundwood pulps. The quality of 
the product requires a high order of 
plant housekeeping practice and a 
high degree of slime control. This 
means that the volumes of water used 
in these mills will be much greater 
than in boardmills. However, the sus- 
pended solids concentrations in these 
wastes are similar to those from board- 
mills. The volume of waste per ton 
of product is variable and can be 10 
to 20 times that of boardmill wastes. 
Fiber losses in these mills can fre- 
quently be as high as 500 lb. per ton of 
paper produced, or about 25 per cent 
of the tonnage. 


Other Specialty Mills 


Paper mills that cook, beat, wash, 
and bleach rope, rag, or jute fibers 
produce a specialty paper, which is 
used for book paper, ecard stock, and 
electric insulating paper. Because of 
the high degree of refinement the 
fibers must undergo (beating and 
washing) to meet the specifications of 
such products, much fiber is lost in the 
great volumes of water used and 
wasted. In a recent study of cooking 
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liquor and beater wash wastes from 
these mills (2) it was found that 19.4 
per cent of the total jute paper pro- 
duction is lost as suspended fibers 
from the cooking, beating, and wash- 
ing of the jute bags. Similar studies 
of rope and rag mills have revealed 
that 13 and 30 per cent, respectively, 
of the daily tonnage production from 
these mills is being lost as suspended 
material. This means that, if a rag 
paper mill is making 100 tons of rag 
paper a day, it also is discharging 30 
tons of suspended matter (mainly 
fiber) into the streams per day from 
the cooking and washing’ wastes. 
Other fiber losses from these same 
mills also occur in the bleachery, and 
especially in the machine white water 
wastes. These mills need recovery 
equipment. 


Recovery Equipment 
Boardmill 


Axe (1) found that vacuum save- 
alls appear to effect a higher degree of 
removal of the long, strong-fibered 
stocks, such as kraft, rather than of 
the shorter, weaker fibers of ground- 
wood. Consequently, the mills using 
higher percentages of long fiber fur- 
nish show less suspended materials 
and fiber in the wastes than mills using 
predominantly newspapers, mixed pa- 
pers, and cuttings. The short fibers 
constitute the major portion of the 
fiber that is discharged in the wastes 
from most mills. In the mills sur- 
veyed, reduction of suspended solids 
by vacuum filtration varied from 20 
to 70 per cent, averaging about 50 
per cent. Similar reductions of sus- 
pended materials were effected by set- 
tling alone in the mills surveyed, 
whereas chemical coagulation and set- 
tling accomplished removals of 80 to 
90 per cent of suspended materials. 
In the laboratory, it has been found 
that by using optimum alum doses of 
0.6 to 6.0 lb. per 1,000 gal. of board- 
mill white water, removals of more 


than 99 per cent of the suspended ma- 
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terials could be obtained. Removals 
of about 95 per cent of the suspended 
matter were obtained by the filtration 
of boardmill wastes with filter aids in 
suspension, 


Tissue Mills 


In one tissue mill investigated, vac- 
uum and flotation recovery equipment 
was used, resulting in 65 per cent re- 
duction of suspended material. Mul- 
tiple vacuum recovery equipment is 
used in another tissue mill, with redue- 
tions of suspended solids of 80 and 96 
per cent being obtained. Inasmuch as 
removals of suspended solids by re- 
covery equipment in specialty mills 
are 20 to 60 per cent greater than in 
boardmills, it would be expected that 
fiber losses would be in similar relation. 
This is not the ease, however, as much 
more water is used per ton of product 
in specialty mills. 


Other Specialty Mills 


In the survey made of mills using 
rag, rope, and jute (3) it was quite 
apparent that fiber recovery from the 
cooking, beating, and washing wastes 
is not practiced. 


Effects on Streams 


Streams having only a small amount 
of pollution usually contain a balanced 
flora and fauna. The fiber from the 
wastes, together with the slime and 
detritus, deposits in the stagnant re- 
gion of the watercourse. The original 
benthos (bottom fauna, food for the 
fish) disappears or becomes inacces- 
sible to the fish. Spawning grounds, 
which require a clean bottom, may be 
destroyed. During the warm season 
of the year decomposition of the de- 
posits oceurs accompanied by gas for- 
mation and simultaneous consumption 
of the oxygen present in the water. 
The fiber, which gradually becomes 
covered with threadlike bacteria and 
other organisms, is bound together by 
them, and the result is a movement of 
blackish, ill-smelling clods to the sur- 
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face. If considerable quantities of 
sulfates are present in the water, 
either from the alum in white waters 
or from other sources, extensive for- 
mation of hydrogen sulfide may occur. 
Other effects are unsightly sludge 
banks, variable (usually dark 
vray), and depletion of 
oxygen. 

These effects on the streams are not 
imaginary, but real. A striking ex- 
ample is the Androscoggin River in 
Maine, where a dam just north of 
Lewiston impounds 2,400,000,000 eu. 
ft. of water in a pool about 14 miles 
long known as the Androscoggin Pond. 
Waste sulfite liquor and cellulose fiber 
from paper mills constitute the major 
pollution load in the river and pond. 
The river odor conditions near Lewis- 
ton during the summer months became 
so bad in 1942 that the Attorney Gen- 
eral of Maine began legal proceedings 
to obtain relief (3). Lagoon experi- 
ments, weekly sampling of the river 
water during the summer months, and 
restriction of discharge of sulfite 
wastes at certain times were tried for 
two years. In 1944, a court decree 
called for continued sampling of the 
river and restriction of sulfite waste 
liquor discharge. In 1948, a low 
summer flow indicated that the meas- 
ures taken afforded substantial but 
not complete relief. 

Other examples could be cited to 
indicate the pollution problems aris- 
ing from the discharge of untreated 
paper waste. 


col rs 


dissolved 


Effects on Sewage Treatment Plants 


A number of municipalities accept 
the fibrous waste into their sewerage 
systems. 

The Monroe, Mich., plant (4) is a 
primary treatment plant with separate 


sludge digestion. -aper mills dis- 
charging into this system contribute 
about two-thirds of the sewage treated. 
The white water greatly assists sedi- 
mentation, because it acts as a coagu- 
lant and the floc formed settles 
quickly. The sludge formed from this 
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mill waste concentrates rapidly ; when 
its concentration increases to above 
5 per cent solids it is almost impos- 
sible to remove from the clarifiers 
without dilution. The appearance of 
the sludge is deceiving; it may ap- 
pear to contain 7 to 8 per cent solids 
although actually containing only 4 
per cent. The best way to handle 
this sludge was found to be to pump 
it almost continually and not let a 
sludge blanket form in the clarifiers. 
Dumping of experimental beaters of 
paper pulp caused the clarifiers to 
plug. Breaker beaters, usually cleaned 
onee a week, contributed all sorts of 
materials, including blocks of wood, 
sticks, electrie light bulbs, and old 
The blocks of wood and sticks 
broke the cutters of the ecomminutor, 
went through the sereen, became wa- 
ter soaked, settled in the clarifiers, and 
when the sludge was pumped caused 
clogging. So much sludge was pumped 
that the digesters could not be heated 
properly and lower gas production re- 
sulted. Part of the sludge had to be 
pumped into a lagoon. In the di- 
gester the sludge formed into three 
layers, with heavy fibrous-like ma- 
terial at the top, a thinner supernatant 
liquor in the center, and a_ heavy 
sludge at the bottom. The sludge was 
not even disturbed by the mixer and 
heating coils were found broken by 
the raising and lowering of the com- 
pacted sludge level. 

Clarifiers and flocculators were in- 
stalled in the paper mills for recovery 
of the suspended material. If these 
mills had not started to clean up their 
own waste it would have been neces- 
sary for the Monroe sewage treat- 
ment plant to find some additional 
means of disposing of sludge, such as 
vacuum filters or ponds. 

Similar difficulties have been ex- 
perienced at the Rahway, N. J., sewage 
treatment plant. Through the cour- 
tesy of L. Fontenelli, plant superin- 
tendent, actual figures on solids re- 
ceived at the plant have been obtained. 
In 1945, before a large paper mill 
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discharged into the Rahway sewerage 
system, the plant received 11,120 Ib. 
of dry solids a day. In 1946, after the 
untreated paper mill waste was ac- 
cepted into the system, the plant re- 
ceived 17,080 lb. of dry solids a day. 
A Marx save-all was installed in the 
mill in the latter part of 1947. Dur- 
ing the first 6 months of its operation 
the sewage plant received only 15,710 
lb. of dry solids daily. This redue- 
tion of about 1,370 lb. of dry solids 
per day has made operation at the 
sewage plant less difficult. Now, 
paper mill waste, with a good deal of 
the fiber removed at the mill, can be 
readily handled at the sewage plant. 
The paper mill waste does not in- 
terfere with gas production in the di- 
gesters, and actually may increase 
the quantities of gas obtained. 

Results at other places have shown 
that pretreated paper mill wastes 
mixed with sewage do not interfere 
with oxidation devices, such as low- 
rate and high-rate trickling filters. 

It is apparent that if paper mills 
install efficient fiber recovery equip- 
ment the resulting effluent can be 
treated at the sewage plant provided 
sufficient capacity is available to han- 
dle the additional load without undue 
overloading of the units or without 
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the mechanical difficulties which fi- 
brous and other floating mill waste 
materials have been shown to cause. 


Summary 


There are 40 paper mills in New 
Jersey discharging fibrous wastes into 
streams and sewerage systems. Sur- 
veys show that fiber losses may be as 
high as 4 per cent (80 lb. per ton of 
product) for paper board, 25 per cent 
(500 lb. per ton) in tissue mills, and 
20 per cent (400 Ib. per ton) in other 
specialties mills. Save-alls and sedi- 
mentation units removing the longer 
fibers may result in total suspended 
solids removals varying from 20 to 70 
per cent. Chemical coagulation of the 
waste may remove 80 to 90 per cent of 
the suspended materials in board 
mills. Removals up to 65 per cent 
may be effected by vacuum and flota- 
tion equipment in tissue and other 
specialty mills. The discharge of 
fibrous mill wastes into municipal sew- 
age systems results in excessive quanti- 
ties of sludge to handle and in operat- 
ing difficulties. When the paper waste 
is pretreated and mixed with sewage 
it does not interfere with settling, oxi- 
dation, or digestion units, provided 
sufficient plant capacity is available to 
handle the additional load. 
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NUTRITIONAL REQUIREMENTS IN THE BIOLOGI- 
CAL STABILIZATION OF INDUSTRIAL WASTES 


II. TREATMENT WITH DOMESTIC SEWAGE *+ 


By E. N. Hevmers tf, J. D. Frame, A. E. GREENBERG, AND C. N. SAWYER 


Many of the problems in the design 
and operation of a municipal sewage 
treatment plant arise not because of 
the nature of the domestic sewage load, 
but because of the peculiarities of the 
various industrial wastes that are often 
combined with it. The treatment of a 
strictly domestic sewage has become a 
well-developed art, but we are only be- 
ginning to appreciate the complications 
of treating industrial wastes and in- 
dustrial waste-sewage mixtures. The 
effects of industrial wastes on biologi- 
cal processes are of special importance 
because of the wide use of biological 
methods for treating municipal sewage 
and the frequently deleterious effects of 
industrial wastes on the normal opera- 
tion of these processes. 

The problems created by industrial 
wastes in the municipal sewage plant 
must be resolved either by developing, 
through experience and research, satis- 
factory methods for treating the com- 
bination or by eliminating such wastes 
from the system. In most instances, the 
former solution will be the most eco- 
nomical and to the best advantage of 
both the industry and the municipality. 

A property of several important in- 
dustrial wastes which limits the amount 
that can be treated successfully in 
combination with domestic sewage is a 
deficiency of certain nutritional ele- 
ments essential for bacterial growth, 

* Contribution from the Sedgwick Memorial 
Laboratories, Mass. Inst. of Tech., Cambridge, 
Mass. Presented at 6th Industrial Waste 
Conference, Purdue University, Feb. 21-23, 
1951. 

+ Part I of this paper appeared in Tuis 
JOURNAL, 22, 9, 1200 (Sept., 1950). 

+ Present address: E. I. du Pont de Ne- 
mours and Co., Ine., Wilmington, Del. 


notably nitrogen and phosphorus. The 
primary objective of the laboratory 
studies with which this paper is con- 
cerned was to develop a method of 
ascertaining maximum amounts of such 
wastes that can be treated in mixture 
with any given domestic sewage by the 
activated sludge process. Secondary 
objectives were to determine maximum 
nutritional requirements of the acti- 
vated sludge and the effects of nutri- 
tional deficiencies on the process. The 
background for this work and the ex- 
perimental method that was devised 
for accomplishing these purposes have 
been outlined in the first paper of this 
series (1). 


Industrial Wastes 

Three industrial wastes having nu- 
tritional deficiencies—cotton kiering 
waste, rag-rope pulping waste, and 
brewery waste—were the subjects of 
three experimental runs in which the 
wastes were mixed in varying propor- 
tions with domestie sewage for treat- 
ment by activated sludge. The analy- 
ses of the wastes and the average analy- 
ses of the domestic sewage with which 
they were mixed are shown in Table I. 


Cotton Kiering Waste—Run C 
The kiering waste used in these stud- 
ies was obtained from the processing 
of cotton gray goods with a detergent 
mixture of the following composition : 
Caustic alkali (NaOH) 1% 
Commercial detergent 0.25% 
Some silicates 
Some phosphates 
The waste contained a predominance 
of sugars and starches from the gray 
goods, and was, therefore, deficient in 


884 


© 
2 
; 
sf 
; 
| 
i 
| 
— 
; 


Vol. 23, No. 7 STABILIZATION OF INDUSTRIAL WASTES. II. 885 


TABLE I.—Industrial Waste and Domestic Sewage Analyses 
Run C Run D Run I 
Factor 

Cotton Domestic Rag-Rope Domestic | Brewery | Domestic 

Kiering Sewage! Waste Sewage! Waste! Sewage! 
5-day B.O.D. (p.p.m.) 2,510 196 15,700 145 2,170 292 
Total nitrogen (p.p.m.) 98 26.1 252 26.1 29.0 32.4 
Organic nitrogen (p.p.m.) 96 12.6 214 11.3 27.6 13.7 
Total phosphorus (p.p.m.) 20.8 3.97 <1 4.16 7.00 5.58 
Soluble phosphorus (p.p.m.) 11.45 2.55 — 2.86 2.90 4.44 
pH 12.2 — 12+ — — — 
Ratio, B.O.D./total N 26 7.5 62 5.6 75 9.0 
Ratio, B.O.D./total P 121 49 > 15,700 35 310 52 


? Average values for each run. 


nitrogen as indicated by a B.O.D.— 
total nitrogen ratio of about 27 to 1 and 
a B.O.D.-ammonia nitrogen ratio of 
about 1,250 to 1. Sufficient waste to 
last an entire experimental run was 
obtained in order to eliminate varia- 
tions in waste characteristics during 
the course of a run. The pH was ad- 
justed in the range 7.0 to 7.5 with 
concentrated sulfurie acid before use. 


Rag-Rope Pulping Waste—Run D 


The waste used for Run D was a com- 
posite of spent rag and rope cooking 
liquors. The two wastes were obtained 
from the same plant in concentrated 
form. The waste cooking liquor was 
highly alkaline and contained starch, 
dirt, grease, and other impurities from 
the rag or rope stock. 

The waste rag cooking liquor had a 
5-day B.O.D. in excess of 6,000 p.p.m. ; 
the B.O.D. of the rope waste was in 
excess of 23,000 p.p.m. These two 
wastes were mixed in equal proportions 
to give a composite waste with the 
analysis shown in Table I. The high 
B.O.D.-nitrogen ratio of 62 to 1 and 
the extremely low phosphorus content 
are indicative of nutritional deficiency. 

In order to insure uniformity of the 
waste load, a sufficient quantity of 
waste was obtained and stored in the 
alkaline state to last the entire run. 
The pH of the waste was adjusted in 
the range 7.0 to 7.5 before use. 


Brewery Waste—Run I 

Because the brewery from which this 
waste was obtained had no single sewer 
from which a composite plant waste 
could be collected, separate samples 
were collected from the major plant 
operations and composited on the basis 
of volume of flow. The sources of the 
wastes and the composite composition 
were as follows: 


Amount in 


Source Composite Waste (“%) 
Waste wort 89.0 
Starting vat 7.2 
Carbon dioxide vat 3.6 
Finishing tanks 0.2 

Total 100.0 


Composites were prepared fresh weekly 
and stored in the refrigerator to 
arrest biological action. Before use, 
the concentrated waste was diluted 
with tap water to give a waste of a 
strength comparable to that produced 
by the brewery industry. Average 
analysis of the diluted brewery waste 
used in Run I is given in Table I. 


Experimental Method 


Details of the apparatus, feeding 
procedure, analytical control, and 
analysis of data have been discussed in 
a previous paper (1). Briefly, all work 
was carried out with a constant aera- 
tion period of 7 hr. and 1,500 p.p.m. 
aeration solids. All sludges were ac- 
climated to the feed mixtures before 
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Tube 


Waste Number 


Cotton kiering, Run C 


Rag-rope, Run D 0 

0.5 
1.0 
2.0 


Brewery, Run I 0 

10 
20 
10 


30° C, 


TABLE II.—Experimental Conditions ! 


Waste? 


July, 1951 


Ratio of Applied B.O.D. to 


| B.O.D. Loading 
(Ib./1,000 

cu. ft./day) Applied 
Total N 


Applied 
Total P 
50 
65 
76 


90 


35 
53 
72 
110 


52 
84 
114 
170 


60.0 
83.5 
130.5 


* Per cent waste plus per cent sewage equals 100 per cent. 


routine collection of effluent samples 
for analysis was begun. The primary 
variables were percentage of industrial 
waste in feed mixture, B.O.D. loading, 
and temperature. 

Experimental conditions of the three 
runs showing the percentage waste in 
the waste-domestie sewage mixtures are 
given in Table IT. It should be noted 
that the B.O.D. loadings were highest 
in Run I and lowest in Run D. 
cause the three wastes contained rela- 
tively small quantities of nitrogen and 
phosphorus, the ratios of applied 
B.O.D. to applied total nitrogen and 
to applied total phosphorus increased 
with the percentage of waste in the feed 
mixture. The discussion following will 
show, however, that a better criterion 
for expressing the nutritional content 
of a feed mixture is in terms of the 
available rather than the applied nu- 
tritional elements. 

The domestic sewage used was ob- 
tained once every other day from the 
Boston Ward Street pumping station. 
The sewage was settled, strained 
through a 12-mesh sereen, and refriger- 
ated until used. The average charac- 
teristics of the sewage used for each 
run are shown in Table T. 


Results 
Effluent Nitrogen and Phosphorus 


Table IIIT shows the inorganie and 
organic nitrogen contents of the efflu- 
ents and illustrates the important fact 
that as the B.O.D. loading (of a do- 
mestic sewage-industrial waste mix- 
ture) is increased by the addition of 
an increasing amount of a nitrogen 
deficient waste, the excess inorganic 
nitrogen available from the sewage is 
utilized by the activated sludge in 
stabilization of the mixture. Dilution 
of the sewage alone would not account 
for the decrease in effluent inorganic 
nitrogen. This decrease in inorganic 
nitrogen with an inerease in industrial 
waste load occurred at all three tem- 
peratures and for each of the three 
wastes studied. On the basis of nitro- 
gen requirement calculations, an efflu- 
ent inorganic nitrogen content of less 
than 2.0 p.p.m. was considered to be 
indicative of a nitrogen deficiency. 

The temperature effect is not par- 
ticularly marked in Table III; how- 
ever, temperature did determine the 
chemical nature of the inorganic ni- 
trogen appearing in the effluents. At 
10° C, very little nitrification oceurred, 


5 

o | 25 | 75 | 
2 5 39.0 ll 
3 10 53.4 13 
4 20 82.5 | 16 = 
| | 
| | 

| 18.1 9.0 
27.8 8 
37.6 | 11 

- 

15 

91 
34 

ee ‘ Experiments were conducted for each series of four tubes at temperatures of 10°, 20°, and i 

| 
— 

2 
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and the inorganic nitrogen residual was 
almost entirely in the ammonia form. 
At 20° and 30° C. nitrification did oc- 
eur, and the inorganie nitrogen existed 
primarily as nitrate. Because of the 
inadequacy of the analytical procedure 
for nitrate nitrogen (2), the occur- 
rence of nitrification sometimes became 
important in interpreting the results 
of a nitrogen balance calculation. 

Variations in the organic nitrogen 
contents of the effluents were in con- 
trast to those of the inorganic nitrogen. 
The organic nitrogen residuals in- 
creased with an increase in the indus- 
trial waste content of the feed mix- 
ture. High organic nitrogen residuals 
occurred even in the presence of a de- 
ficiency of inorganic forms indicating 
non-availability for metabolic pur- 
poses. 

Determination of the fraction of the 
organie nitrogen that does become 
available is an important step in ascer- 
taining the total amount of nitrogen 
available for sludge growth. The effect 
of temperature on the amount of 
residual organie nitrogen is indicated 
in Table III. In general, a larger 
residual existed at 10° C. than at the 
higher temperatures. 

Table IV shows the soluble and total 
phosphorus contents of the effluents. 
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For the rag-rope and brewery waste 
runs, the amount of residual soluble 
phosphorus became quite low and 
tended to decrease with increasing per- 
centage of industrial waste in the feed 
mixture. The decrease indicates that 
these wastes were deficient in available 
phosphorus and that the activated 
sludge was drawing on the excess phos- 
phorus from the sewage in stabilization 
of the mixture. On the other hand, in 
stabilization of the cotton kiering 
waste, the soluble phosphorus content 
of the effluents increased slightly when 
the proportion of waste was increased 
from 10 to 20 per cent. Evidently ni- 
trogen deficiency was more important 
in the case of this waste than was the 
small deficiency of phosphorus. The 
cotton kiering waste contained an ap- 
preciable amount of phosphorus be- 
cause of the phosphates included in 
the detergent mixture. 

The total phosphorus contents of the 
effluents were not significantly greater 
than those for soluble phosphorus. This 
indicates that most organic forms of 
phosphorus became available for bac- 
terial uses. In fact, the data show that 
more than 70 per cent of the organic 
phosphorus in the feed mixtures was 
used for sludge growth or converted 
to soluble inorganic forms. 


TABLE III.—Nitrogen Content of Effluents 


Waste B.O.D. Loading Inorganic N (p.p.m.) Organic N (p.p.m.) 
(Ib./1,000 
Type | euft/day) | ioc. | arc. | | | | 

Cotton kiering 0 24.5 14.2 17.5 17.0 3.5 3.6 2.9 
5 39.0 Ye 8.7 7.4 6.7 6.3 4.0 

10 53.4 2.2 2.6 2.3 10.7 8.6 5.3 

20 82.5 0.3! 0.3! 0.4! 19.3 12.4 9.2 

Rag-rope 0 18.1 15.9 16.1 16.1 3.3 3.6 2.9 
0.5 27.8 13.2 10.2 11.7 4.1 4A 3.6 

1.0 37.6 10.4 5.9 6.7 5.8 5.5 5.2 

2.0 57.0 5.6 1.4 2.6 8.1 6.4 6.4 

Brewery 0 36.5 18.5 14.6 18.0 5.5 2.7 2.9 
10 60.0 6.0 5.1 6.5 4.7 3.6 4.0 

20 83.5 1.1! 0.6" 1.7! 5.7 3.2 5.1 

40 130.5 0.7! 0.4! 0.4! 6.2 4.1 5.4 


1 Considered as indicating a nitrogen deficiency. 
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Waste 


| B.O.D. Loading | 
(ib./1,000 


Type cu. ft./day) 


Cotton kiering 


Rag-rope 


Brewery | O 
10 
20 
40 


July, 1951 


Soluble P (p.p.m.) 


| 30°C. 

1.71 

1.10 

0.64 0.63 
0.83 


2.48 
1.77 
1.22 
0.60 


2.59 
0.38 
0.20! 
0.39! 


‘ Considered as indicating a phosphorus deficiency. 


Nitrogen Requirements 


The calculated nitrogen requirements 
of the industrial waste portions of the 
different feed mixtures are shown in 
Table V. Requirements are expressed 
as the ratio of B.O.D. reduction of the 
industrial waste to the nitrogen util- 
ized by the sludge growth attributable 
to the stabilization of the waste. Maxi- 
mum nitrogen requirements, expressed 
both as a ratio and as pounds of 
nitrogen required per 100 lb. of B.O.D. 
stabilized, are given. 

Nitrogen requirements were com- 
puted using both sludge data and in- 
fluent-effluent analyses according to the 
methods previously shown (1). Theo- 
retically, the requirements as computed 
by the two methods should be equal. 
Actually, the nitrogen balance was 
reasonably good, except for the rag- 
rope waste run at 20° to 30° C. and 
the 40 per cent brewery waste run at 
all three temperatures. 

Several different experimental prob- 
lems arose to cause discrepancies in the 
balance of nutritional elements. In the 
ease of the rag-rope waste, the sludge 
formed large flocs at the higher tem- 
peratures, making it difficult to obtain 
representative sludge samples. As a 
result, the recorded sludge growths 


were lower than they should have been, 
and B.O.D./N ratios based on sludge 
growth are too high. Some sludge bulk- 
ing and loss of sludge by carry-over 
explains the high B.O.D./N ratios based 
on sludge growth for the studies with 
the 40 per cent brewery waste. In cer- 
tain cases, difficulty was also experi- 
enced in computing nitrogen require- 
ments by the influent-effluent analysis 
method. When nitrification occurred 
and the effluents contained an appreci- 
able quantity of nitrate nitrogen, the 
effluent nitrogen values were often be- 
lieved to be in error because of the 
inaccuracies of the chemical test for 
nitrates. 

Examination of Table V reveals that 
the nitrogen requirements were rea- 
sonably constant at a given tempera- 
ture so long as the effluents contained 
an appreciable amount of inorganic ni- 
trogen. When the residual inorganic 
nitrogen became inappreciable, how- 
ever, the B.O.D./N ratio increased. 
This observation suggests the hypothesis 
that available nitrogen in excess of a 
certain value will not be assimilated by 
the activated sludge. This value was 
ealled the ‘‘maximum nitrogen re- 
quirement.’’ An analysis of the ex- 
perimental nitrogen requirement values 


4 
TABLE IV.—Phosphorus Content of Effluents 
— | Total P (p.p.m.) 7 
oc. | | roc. | arc. | 

245 | 1.38 | 1.60 | 1.82 | 2.00 
| 5 39.0 | 1.14 143 | | 1.59 
‘a | 10 53.4 | 1.02 1.32 | 0.94 | 1.06 Ee 
oa | 20 82.5 | 1.78 2.50 | 1.22 1.05 ; 
0 | 213 | | 253 | 242 | 2.84 | 3.06 
‘a | 05 278 «| 1.69 | 2.16 | 2.03 2.16 2.68 
oS 1.0 | 376 | 1.40 | 1.68 | 1.75 1.72 | 2.23 ; 
| 2.0 57.0 | 0.59 | | 114 | 0.87 1.16 | 1.66 
ce 36.5 2.71 | 3.16 | 323 3.01 | 3.69 i 
oS | 60.0 | 0.90 | 045 | 143 | 1.03 | 0.80 
aa 83.5 | 0.55" | | O41' | 0.98 0.80 | 0.95 
a | 130.5 0.55' | | 0.39! 1.26 | 0.76 | 1.05 : 
| 
| 
a | 
ang 
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TABLE V.—Nitrogen Requirements for Stabilization of Industrial Wastes 


Nitrogen Requirements | 
Waste Temp. | — 
dge B In-En B Lb. N/100 Ib 
8 i n-En i ub. 
BODON Ratio! | B.O:D./N Ratiot | 3-0.D./N Ratio! | Removed? 
(a) Corron Krertnac Waste 
5 10 18.0 } 16.1 | 
10 17.9 | 17.5 
20 <23.48 <29.13 
5 20 15.2 | 11.75 
10 16.4 13.9 63 
20 20.5% 19.63 
5 30 16.1 } 9.8% 
10 16.3} 12.2 | 63 
20 16.33 19.13 
(b) Rag-Rope Waste 
0.5 10 27.5 
1.0 25.7 27.6 | 26 3.8 
2.0 23.2 } 26.1 { 
0.5 20 27.2 12.15) 13 on 
1.0 26.3 14.45 : 
2.0 30.23 18.13 
0.5 30 15.59) 
1.0 3788 16.08) 17 | 5.9 
2.0 33.26 20.8 | 
(c) Brewery Waste 
10 10 15.4 17.8 | 17 5.9 
20 29.48 24.58 | 
40 106.4 38.8% 
10 20 21.3 21.9 | 22 4.6 
20 25.88 26.88 
10 | | 46.68 
| | | 
10 | 30 | 19.3 19.0 19 5.3 
20 | 22.23 26.9° 
40 57.834 44.48 


| 
| 


| 
| 
| 


‘Ratio of B.O.D. reduction of waste to nitrogen utilized by sludge growth attributed to 
stabilization of the waste. 

? Pounds of nitrogen required per 100 lb. of waste B.O.D. stabilized. 

’ Nitrogen deficiency, see Table ITT. 

‘ Values in error because of sludge carry-over with effluent. 

° High nitrates in effluent. 

° Growth low because of difficulties in sampling sludge. 
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that were obtained when there was an 
excess of available nitrogen gave the 
maximum requirements shown in the 
last two columns of Table V. The val- 
ues for these three industrial wastes 
are in good agreement considering the 
possible sources of error in the experi- 
mental procedure. The average maxi- 
mum requirements were 5, 6, and 6 Ib. 
per 100 lb. B.O.D. removed at 10 
20°, and 30° C., respectively. 
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Phosphorus Requirements 


Phosphorus requirements were com- 
puted by the same methods as the nitro- 
gen requirements. Because some doubt 
existed as to the reliability of the val- 
ues obtained for the phosphorus con- 
tent of the sludges having high vola- 
tile matter content, only the phosphorus 
requirements based on the influent- 
effluent analyses are included in Table 


) 


| 
| 
| 


Rag-rope 


Brewery 


‘ Ratio of B.O.D. reduction of waste to phosphorus utilized by sludge growth 


stabilization of the waste. 


B.0O.D 


| Max. Requirement, Best or Av. Values 


P Ratio! 
Lb. P/100 Ib. 
B.O.D. Removed? 


B.O.D./P Ratio! 


0.98 


attributed to 


? Pounds of phosphorus required per 100 Ib. of waste B.O.D. stabilized. 


3 Nitrogen deficiency. 
* Nitrogen and phosphorus deficiency. 


re TABLE VI.—Phosphorus Requirements for Stabilization of Industrial Wastes (Basis: /,—HEl Gs 
Waste 

Type % | 

Cotton kiering 5 10 104 
10 101 102 
20 <1418 

> 8: 

— 10 88 3 1.20 

20 106° 

5 30 92 
10 87 | 
20 103% 
0.5 10 192 | 

1.0 > 189 0.53 

2.0 164 
0.5 20 110 | 
2.0 173% 

| 
0.5 | 30 195 
1.0 179 } 195 0.51 

— 2.0 212 } 

10 10 99 99 1.01 
20 

10 2014 
| 

| 2 91 91 1.10 
20 

9144 ; 
40 214 | 
10 30 67 67 1.49 
20 125¢ 

40 2078 ; 

Bes 
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The increase should be noted in the 
B.0.D./P ratio for the 20 per cent cot- 
ton kiering waste mixtures, even 
though Table IV shows that the efflu- 
ents contained an appreciable amount 
of soluble phosphorus. The reason for 
the inerease can be explained as the 
result of the nitrogen deficiency, rather 
than a phosphorus deficiency. In con- 
trast to the kiering waste values, an 
analysis of the brewery waste results in 
Tables III, IV, and VI, seems to indi- 
cate that both nitrogen and phosphorus 
deficiencies existed at the higher brew- 
ery waste loadings. Under the experi- 
mental loading conditions, serious nu- 
tritional deficiencies did not occur in 
the rag-rope waste run; however, in- 
creased amounts of this waste would 
have been expected to have caused both 
nitrogen and phosphorus deficiencies. 

Maximum phosphorus requirements 
for cotton kiering and brewery wastes 
are in reasonably good agreement. Val- 
ues for the rag-rope waste are some- 
what lower than for the other wastes. 
The average maximum phosphorus re- 
quirements were 0.8, 1.0, and 1.0 Ib. 
per 100 Ib. B.O.D. removed at 10°, 20°, 
and 30° C., respectively. 


Process Efficiency and Sludge Analyses 


Table VII is presented to show the 


effects of increasing the industrial 
waste load on process efficiency and on 
the activated sludge characteristics. 
The B.O.D. reductions of all the waste- 
sewage mixtures after an average 7-hr. 
aeration period were in excess of 90% 
with the exception of the highest load- 
ings at 10° C. Nitrogen and phos- 
phorus deficiencies of the magnitudes 
encountered in this work had no ap- 
preciable effect on the percentage 
B.O.D. reductions. The relatively low 
B.O.D. reductions under the highest 
loadings at 10° C. were shown by sup- 
plementary studies to have been the 
result of the combination of low tem- 
perature and high loading and not the 
result of nutritional deficiencies. 
Although a nutritional deficiency 
would appear to have little or no effect 
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on the percentage B.O.D. reductions 
based on effluent B.O.D. values, work 
with industrial wastes not treated in 
mixture with domestic sewage, but sup- 
plemented with varying amounts of 
nitrogen and phosphorus, has shown 
that a nutritional deficiency does de- 
crease the rate of B.O.D. reduction ap- 
preciably. This effect may also be im- 
portant using waste-sewage mixtures 
when shorter aeration periods are used 
or where increased percentages of in- 
dustrial wastes are involved. 

The most outstanding effect of in- 
creasing the B.O.D. loadings was the 
accompanying increase in the rate of 
sludge growth. As the nitrogen and 
phosphorus contents of the sludges 
were relatively constant, the nutritional 
requirements of the sludges were di- 
rectly related to the rate of sludge 
growth. 

Except for the brewery waste mix- 
tures at the higher B.O.D. loadings, the 
sludges had good settling characteris- 
tics, as indicated by the low sludge 
volume indices. The sludge indices for 
the cotton kiering and rag-rope waste 
runs were all low; but the maximum 
B.0.D. loadings for these runs were 
somewhat lower than for the brewery 
waste run—82.5 and 57.0 lb. per 1,000 
cu. ft. per day, respectively, as opposed 
to 130.5 for the brewery waste run— 
and the amounts of the nutritional de- 
ficiencies were also somewhat less. 

The nitrogen, phosphorus, and vola- 
tile matter content of the dried acti- 
vated sludges are also shown in Table 
VII. The effect of treating small 
amounts of industrial wastes with the 
domestic sewage was to increase the 
volatile matter and nitrogen in the 
sludges. The volatile contents of the 
sludges developed from treatment of 
the kiering and brewery waste-sewage 
mixtures were particularly high, with 
a number of values over 85 per cent. 
On increasing the industrial waste 
loadings, nutritional deficiencies were 
reflected in the sludge analyses by de- 
creased percentages of the deficient 
elements. This effect was especially 
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TABLE VII.—Process Efficiency «nd Activated Sludge Analyses 


B.O.D. (p.p.m.) 
Waste Temp 
%) 


Infl. Eff. 


| 

Sludge Growth 
p.p.m 


INDUSTRIAL 


day) 


Sludge 


Volume 


Index 
lohlman 


(a) Corron KierRING WasTE 


106 
312 
427 
660 


660 


S18 
140 
615 
108 


384 


536 


(b) Rac-Ropt 


15 
16 


26 


108 


(c) BREWERY 


292 
{SO 
668 
1,044 
292 
668 
1,044 


266 
510 
536 


WASTE 


0 
10 
20? 


1? 


292 
668 
1,044 


Nitrogen deficiency. 


2 Nitrogen and phosphorus deficiency. 


3 Values low because of loss of sludge due 


67 
62 


50 


lo carry-over, 


WASTES 


bo 


Sludge 


22 
12 
12 


July, 1951 


Analyses 


: 

>, 
| P(%) | Va(%) 

‘. 23 0 10 196 13 | 6.78 1.40 76 
5 312 2] 8.13 1.24 83 
10 $27 38 = | C838 | 
Pa 20! 660 | >100 68 | 7.48 | 1.24 86 : 
| 
0 20 15 56 1.53 82 
5 17 51 | L387 84 
10 18 = | 1.24 
er 20! 47 792 48 } . 1.12 89 : 
0 30 196 8 202 68 7:16. | 1.62 8! 
5 312 9 78 74 7.69 1.39 S4 
nee. 10 127 11 540 69 8.02 | 1.39 85 
| 20" = 24 950 84 7.48 1.15 87 i 
0 10 145 | 126 51 5.69 1.36 68 
ae 0.5 222 214 35 6.00 1.35 71 : 
ao 1.0 301 = 300 53 6.22 1.01 79 ' 
2.0 156 68 178 11 6.18 78 
#4 0 20 «| 145 12 156 72 6.15 1.35 73 a 
0.5 222 15 258 39 5.92 
1.0 301 18 346 38 | 621 | 424 73 
an 2.0! 156 30 140 17 | 6.60 112 | 80 ; 
a 0 30 145 7 132 50 §.72 I } 69 = 
0.5 229 10 150 16 5.77 | 72 
1.0 301 14 258 33 6.07 I 74 
20 156 57 6.30 | 1 | 78 

56 7.43 
0 10 32 56 7.43 | 1.28 81 
a 10 28 150 8.93 | 1.10 | 86 
20? 51 270 8.15 | 1.15 87 
10? 186 120° 250 5.93 0.87 90 
| 
20 | 26 316 16 7.81 1.08 | 80 
10 | 25 500 | 55 | 853 | 146 
20? 29 732 691 7:26. | “E20 86 
10? | 61 5763 200 6.12 0.83 v0 
30 24 230 10 7.07 78 
23 170 18 7.87 158 | 82 
aan 29 602 50 8.54 1.21 86 

ee |_| 60 7843 135 1.91 0.74 89 
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pronounced for both nitrogen and phos- 
phorus contents of the sludges de- 
veloped in the brewery waste run. 

A qualitative observation made dur- 
ing the course of the experiments not 
shown in Table VII was that at higher 
B.O.D. loadings and with nutritional 
deficiencies, the sludges were more diffi- 
cult to dewater by filtration than at 
lower loadings. 


Discussion 


Calculation 
ments 


of Nutritional Require- 


The results of the experiments con- 
cerning the stabilization of industrial 
waste-domestie sewage mixtures show 
that the nutritional requirements of the 
activated sludge process are primarily a 
function of the rate of sludge growth. 
Whether or not a nutritional deficiency 
will be encountered under a given set 
of loading conditions depends on the 
availability of nutrient elements from 
the waste and sewage. This relation- 
ship between sludge growth and nu- 
trients can be expressed by the pre- 
viously developed equation (1): 


Nutritional requirement 


=I — E = Gn/200 


Given an industrial waste-domestie 
sewage mixture and the conditions of 
treatment, this equation can be used 
to estimate whether or not a nutritional 
deficiency will oceur and the approxi- 
mate magnitude of the deficiency. The 
basie data required to make those cal- 
culations are as follows: 


1. Sewage and waste characteristics 
a) B.O.D. 

b) Availability of nutrient elements. 
2. Process variables 

a) Temperature of stabilization. 


b) Concentration of aeration solids. 
ec) Aeration time. 


The effects of other aeration times and 
concentrations of aeration solids were 
not considered in this work; however, 
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these variables will be discussed in 
more detail in a future paper. 

Because a nitrogen deficiency was en- 
countered in all three of the runs, 
whereas a phosphorus deficiency oc- 
curred only in the brewery waste run, 
the following discussion will emphasize 
the nitrogen rather than the phos- 
phorus balance. However, the general 
approach to the problem is the same 
for either element. 


Sludge Growth 


To show the relationship between the 
B.0.D. of the feed mixture and the 
rate of sludge growth, Figures 1, 2, 
and 3 were prepared. These figures in- 
dicate that with an excess of nutrient 
elements and for reasonably equivalent 
reductions in B.O.D., the rate of acti- 
vated sludge growth is directly related 
to the B.O.D. of the feed mixture or 
B.O.D. loading. 

Placak and Ruchhoft (3), reporting 
on a study of the utilization of organic 
substrates by activated sludge, state, 
‘*Equivalent amounts of dextrin uti- 
lized, regardless of time, should pro- 
duce the same amount of sludge sol- 
ids.’’ The proportionality ‘is also in 
accordance with the experiments of 
Sawyer (4). Thus, the proportionality 
between B.O.D. loading and activated 
sludge growth for a given substrate 
seems to be fairly well established. Ex- 
cept for the kiering waste at 30° C., 
the results shown in Figures 1, 2, and 
3 would indicate that the same pro- 
portionality holds regardless of the na- 
ture of the substrate. 

As a matter of comparison, Figure 
4, showing the results of stabilizing elu- 
cose, peptone, and brewery waste plus 
phosphorus with domestic sewage at 
25° C., is included. Similar data were 
obtained at 15° and 35° C. The rela- 
tionship between loading and growth 
was remarkably similar, even in the 
stabilization of such different sub- 
stances as peptone, glucose, and brew- 
ery waste in mixture with domestic sew- 
age. 
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FIGURE 1.—Sludge growth versus B.O.D. loading at 10° C. 


From the slopes and intercepts of 
the curves shown in Figures 1, 2, 3, and 
4, it can be seen that greatest growth 
occurred at 25° C. with the exception 
of that obtained with kiering waste at 
30° C. Least growth was shown by 
the sludges at 10° and those fed cer- 
tain wastes at 30°. These results are 
in fair agreement with those previously 
reported by Sawyer (5) on studies 
with domestic sewage. 

An estimate of the sludge nutritional 
requirement can be made by estimating 


the rate of sludge growth from a knowl- 
edge of the B.O.D. loading and assum- 
ing a percentage of nutrient in the 
sludge under conditions of excess nu- 
tritional supply. To estimate nitrogen 
requirements, a sludge nitrogen content 
of about 8 per cent can be used for a 
high volatile matter sludge such as that 
produced in the stabilization of do- 
mestic sewage and kiering or brewery 
waste mixtures. For a lower volatile 
matter sludge, as produced in the sta- 
bilization of rag-rope-domestic sewage 
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mixtures, a lower value of about 6 per 
cent nitrogen should be used. To esti- 
mate phosphorus requirements a sludge 
phosphorus content of about 1.2 per 
cent is indicated by the experimental 
data. 


Availability of Nitrogen 


After an estimate has been made of 
the nitrogen required for the stabiliza- 
tion of a particular mixture, the next 
consideration is how much nitrogen is 
or will become available from the mix- 
ture for sludge growth. The experi- 
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mental evidence indicates that all ni- 
trogen in the inorganic form in both the 
industrial waste and the domestic sew- 
age is available, but that only a portion 
of the organic nitrogen is available for 
sludge growth. <A knowledge of the 
amount of organie nitrogen that will 
become available is of considerable im- 
portance in the case of wastes with a 
high organic nitrogen content, such as 
the ones considered in this work. 

On the basis of the influent and 
effluent analyses, the amounts of or- 
ganie nitrogen that became available 


000 LOADING b/1000 cu ft/day 
20 40 60 80 


GROWTH 


SLUDGE 


q RAG- ROPE 
KIERING WASTE 
x BREWERY WASTE 

> 800 

= d - Nitrogen Deficiency 

~N B.0.D. Reductions in excess of 90% 

E 

a 

a 


SLUDGE GROWTH 
20°C. 


200 


400 


600 


B.0.0. OF FEED MIXTURE ppm 


FIGURE 2.—Sludge growth versus B.O.D. loading at 20° C. 
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FIGURE 3.—Sludge growth versus B.O.D. loading at 30° C. 


from the three wastes and the domestic 
sewages with which they were mixed 
were computed. A summary of the re- 
sults of these calculations is shown in 
Table VIII. (The values given rep- 
resent the availability of organic ni- 
trogen from both the industrial waste 
and the domestic sewage portions sep- 
arately.) These data indicate that a 
considerable variation exists in the 
availability of organic nitrogen from 
the different wastes. Only 9 to 23 per 
cent of the organic nitrogen contained 
in the rag-rope waste became available, 


as compared with 55 to 78 per cent of 
the organic nitrogen contained in the 
brewery waste and domestic sewage. 
The availability of the organic nitro- 
gen from the cotton kiering waste was 
greater than for the rag-rope waste, 
but less than for the brewery waste 
and sewage. 

The effect of increased temperatures 
was, in general, to increase the avail- 
ability of the organie nitrogen. The 
increased availability of organic nitro- 
gen tended to compensate for the in- 
creased nitrogen requirement as the 
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temperature was increased from 10° to 
20° C. 


Critical Nutritional Requirements 


The results of this work have shown 
that the industrial waste-domestic sew- 
age mixtures used can be treated at 
loadings in excess of 60 to 100 lb. of 
B.O.D. per 1,000 cu. ft. of aeration 
capacity per day without affecting the 
percentage B.O.D. reduction appreci- 
ably. High B.O.D. reductions were ob- 
tained even though minor nutritional 
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B.O.D. loadings and major nutritional 
deficiencies did result in higher efflu- 
ent B.O.D.’s, sludges with poorer set- 
tling and dewatering characteristics, 
and, possibly, decreased rates of B.O.D. 
removal. 

Because of the highly variable con- 
ditions that must be met by waste treat- 
ment plants and the differences in the 
degree of control these plants have over 
treatment process variables, the criti- 
cal B.O.D. loading or critical nutri- 
tional requirement will vary from plant 
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FIGURE 4.—Sludge growth versus B.O.D. loading at 25° C. 
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TABLE VIII.—Availability of Organic Nitrogen 
(Percentage of Org. N Utilized from Waste) 


Temperature 


Cotton kiering, C 
Rag-rope, D 
Brewery, I 
Sewage, Run C 
Sewage, Run D 


Sewage, Run I 


Sewage, av. 


treating the same waste. Thus, the 
critical requirements may be equal to 
maximum requirements in some in- 
stances, and they may be somewhat less 
than maximum requirements in others. 
In any event, no advantage is to be 
gained by supplying nitrogen or phos- 
phorus in excess of sludge growth re- 
quirements. 


Summary 

Experiments were conducted on a 
laboratory scale using activated sludge 
for the stabilization of industrial waste- 
domestic sewage mixtures containing 
variable amounts of industrial waste. 
Three different industrial wastes were 
used—cotton kiering waste, rag-rope 
pulping waste, and a brewery waste. 
All experiments were carried out with 
three feedings a day followed by 7-hr. 
aeration periods and with an aeration 
solids concentration of 1,500 p.p.m. 
Temperatures of stabilization were con- 
trolled at 10°, 20°, and 30° C. 

Nutritional requirements of the acti- 
vated sludge in terms of nitrogen and 
phosphorus were computed for differ- 
ent conditions of B.O.D. loading and 
temperature. The effects of high indus- 
trial waste loadings and nutritional de- 
ficiencies on the treatment process effi- 
ciency as measured by percentage 
B.O.D. reduction and activated sludge 
characteristics were determined. 

An attempt was made to relate 
B.O.D. loading and the rate of acti- 
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vated sludge growth. The availability 
for sludge growth of the organic nitro- 
gen contained in the waste and sewage 
was also studied. 


Conclusions 


The following conclusions are based 
on activated sludge treatment of indus- 
trial waste-domestic sewage mixtures 
using a 7-hr. aeration period and 1,500 
p.p.m. of acclimated sludge solids: 


1. All three of the industrial wastes 
considered had nutritional deficiencies. 

2. If a nutritionally deficient indus- 
trial waste is mixed with a sufficient 
quantity of domestic sewage for treat- 
ment, the nutritional requirements for 
the stabilization of the waste will be 
supplied by the excess of nutrients con- 
tained in the sewage. 

3. The average maximum nitrogen 
requirements for the stabilization of 
the three industrial wastes considered 
were 5, 6, and 6 Ib. per 100 lb. of 
B.O.D. removed (or, expressed as the 


ratio of B.O.D. removed to nitrogen 
utilized, 20, 17, and 17) at tempera- 


tures of 10°, 
spectively. 

4. The average maximum phosphorus 
requirements for the stabilization of 
the three industrial wastes considered 
were 0.8, 1.0, and 1.0 lb. per 100 Ib. of 
B.O.D. removed (or, expressed as the 
ratio of B.O.D. removed to phosphorus 
utilized, 125, 100, and 100) at tempera- 
tures of 10°, 20°, and 30°C., respec- 
tively. 

5. Industrial waste-domestic sewage 
mixtures of the nature of those studied 
can be treated at B.O.D. loadings well 
in excess of conventional activated 
sludge plant loadings without appreci- 
able decrease in the percentage B.O.D. 
removal. 

6. High industrial waste loadings re- 
sulting in nutritional deficiencies tend 
to impair settling and dewatering char- 
acteristics of, and to decrease the 
amount of the deficient elements con- 
tained in, the activated sludge. 

7. Nutritional requirements of acti- 


20°, and 30° C., re- 
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vated sludge are directly related to the 
amount of sludge growth. 

8. At a given temperature and as 
long as a nutritional deficiency does not 
exist, the rate of activated sludge 
growth is proportional to the B.O.D. 
reduction of the waste. The relation- 
ship is apparently independent of the 
nature of the waste load. 

9. The amount of organic nitrogen 
that becomes available for bacterial as- 
similation varies widely, depending on 
the nature of the waste and the tem- 
perature of stabilization. 
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10. The effects of low stabilization 
temperatures are to decrease the rate 
of sludge growth and nutritional re- 
quirements, to decrease the maximum 
B.0.D. load that can be treated with- 
out reduction in efficiency, and to de- 
crease the availability of organic ni- 
trogen. 
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CORRECTION 


In the paper on ‘‘B.O.D. Determination of Trade Waste Sam- 
ples in Admixture with Sewage,’’ by W. E. Abbott and R. J. Fearn 
(Tus JourNaL; Apr., 1951), the last equation on page 505 should 


read: 


Absorption = 2(q — sp) 
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NEUTRALIZATION OF ACID WASTES * 


By H. L. Jacoss 


Engineering Department, E. I. du Pont de Nemours and Co., Wilmington, Del. 


The subject of acid neutralization 
may be discussed from two view- 
points; that of the acid to be neu- 
tralized, or that of the alkali which 
does the job. Because essentially the 
same ground must be covered in either 
case, this paper discusses the subject 
from the standpoint of the alkali. 

One dictionary definition of the 
noun ‘‘choice’’ is ‘‘that which is most 
excellent.’’ Unfortunately, other con- 
siderations enter into the industrial 
waste picture, and it is not always pos- 
sible to select the ‘‘most excellent”’ 
neutralizing agent because it is nec- 
essary to select the one that is ‘‘most 
cheap.”’ 

References to 
least where 


‘ 


low-cost alkalies, at 
purchase involved, 
nearly always involve a calcium base 
or a calcium-magnesium base alkali in 
one form or another. There may be 
situations where another alkali 
will be available at reasonable cost, 
but they will be decided exceptions. 

It would be convenient in most 
eases if caustic soda or sodium ear- 
bonate could be used. The reaction 
products would be soluble and would 
not cause an increase in the hardness 
of the receiving waters. About the 
only case where a calcium alkali will 
be better would be where the receiving 
waters are used for irrigation pur- 
poses. In such situations, sodium ion 
is undesirable. This discussion dis- 
misses the use of sodium base alkalies 
with the statement that they can be 
used conveniently and successfully in 
most cases if the cost involved in using 
them is not too great. 


some 


* Presented at 1950 Annual Meeting, West 
Virginia Sewage and Industrial Wastes Asso- 
ciation; Huntington, W. Va.; Sept. 14-15, 
1950. 


Types of Lime 


Caleium and caleium-magnesium al- 
kalies oecur in nature as carbonates in 
the form of limestones and ealcites. 
Calcium carbonate also oceurs in na- 
ture as the principal constituent of 
oyster shells. Good grades of lime- 
stone will contain 95 per cent or bet- 
ter of carbonates. When magnesium 
carbonate runs in the neighborhood of 
1 per cent, the limestone is called a 
high-caleium stone. When the ecar- 
bonates are present in nearly molar 
ratios (52 per cent CaCO, and 43 per 
cent MeCO.), the stone is classed as 
dolomitic. Analyses will range be- 
tween those limits, but only the true 
dolomitic or high-caleium stones are 
exploited for chemical usage. The in- 
between stones usually are sold for 
agricultural purposes. Two other 
sourees of carbonates of excellent 


quality—sludge from municipal water 
softening plants and by-product eal- 
cium earbonate from the manufacture 
of magnesia insulation—are available 


in a few locations. These materials 
are extremely quick-acting, perhaps 
because of a high area-weight ratio of 
the particles. 

In considering the use of alkalies, 
it will be found that their neutralizing 
ability and the unit cost (that is, the 
cost per unit of acid neutralized) are 
only roughly parallel. For compara- 
tive at a theoretical 
location in New Jersey have been tabu- 
lated (Table I). It can be seen from 
this tabulation that freight cost is an 
important consideration. There was 
a time when limestone and lime prices 
were rather generally standardized for 
a given area, but this situation has 
altered. 
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TABLE I.—Comparative Alkali Costs for a Theoretical Plant Location in New Jersey 


($) ($) ($) (8) 
CaO, 100 per cent 1.00 1.75 — — om —_ 
Limestone: 
High-calcium, lump 0.52 0.91 1.60 1.76 3.21 5.28 
High-calcium, pulv. 0.52 0.91 3.50 3.85 3.21 7.37 
Dolomitic, lump 0.606 1.06 1.60 1.51 2.01 3.41 
Dolomitic, pulv. 0.606 1.06 3.50 3.30 2.01 5.20 
“Special” 0.50 0.875 6.25 7.14 2.13 9.58 
Hydrated lime: 
High-calcium, in bags 0.72 1.26 13.50 10.71 4.67 14.42 
Dolomitic, in bags 0.88 1.54 13.50 8.77 4.08 11.42 
Quicklime: 
High-calcium, pebble 0.96 1.68 10.50 6.25 4.67 9.03 
High-calcium, pulv. 0.96 1.68 11.50 6.84 4.67 9.63 
Dolomitic, pebble 1.06 1.855 10.50 5.66 4.08 7.86 
Dolomitic, pulv. 1.06 1.855 11.50 6.20 4.08 8.40 


As can be seen, the cost of the chem- 
ical for neutralization can vary be- 
tween wide limits. For any particu- 
lar situation it will be necessary to 
take into consideration a great many 
factors other than delivered cost be- 
fore a final decision can be made. The 
material to be used should be selected 
on the basis of the over-all cost rather 
than the chemical cost alone, as the 
equipment for utilizing the various 
forms of alkalies will differ with the 
material selected. With this in mind, 
the advantages and limitations of the 
materials listed in the tabulation are 
discussed hereinafter. 


High-Calcium Lump Limestone’ 


High-caleium lump limestone can be 
used quite effectively in beds 5 to 6 ft. 
deep and in 14-in. to 114-in. sizes. It 
is usually quite reactive, particularly 
with hydrochloric and nitrie acids. 
Rates of flow as high as 5 g.p.m. per 
sq. ft. can be used suecessfully with 
these acids at strengths up to 5 per 
cent. Under the extreme conditions of 
flow and strength, difficulty. may be 
experienced with foaming, particu- 


larly if organic matter is present. 
High concentrations of these acids can 
be neutralized, in spite of foaming dif- 


ficulties, if the rate of flow is adjusted 
properly. 

No attempt should be made to neu- 
tralize sulfuric acid above 0.3 per cent 
concentration because of the low solu- 
bility of calcium sulfate and the faet 
that coating of the limestone will oc- 
cur at higher concentrations. This 
calcium sulfate coating prevents fur- 
ther reaction between the limestone 
and the acid. For sulfurie acid, the 
flow rate will be in the range of 1 
g.p.m. per sq. ft. or less. No visible 
evolution of carbon dioxide will take 
place with sulfuric acid. 

Flows through limestone beds may 
be upward or downward. In either 
case, the bed should be constructed 
with a false bottom for the collection 
of the acid-insoluble material present 
in the limestone. The chamber formed 
by the false bottom should be pro- 
vided with openings to flush out the 
sediment. 

The main advantage in the use of 
such beds is the small amount of at- 
tention required. If they are de- 
signed for maximum flow rates, the 
waste will automatically receive ade- 
quate treatment at lower rates. No 
control equipment will be required. 

A single limestone bed of this type 
has been installed at du Pont’s Wash- 
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ington Works plant below Parkers- 
burg, W. Va., for neutralizing waste 
hydrochloric acid. The bed is con- 
tained in a 12-ft. diameter wooden 
tank designed for a 7-ft. maximum 
depth of limestone. With proper fa- 
cilities for adding new limestone to 
replace that used in the reaction, the 
bed has a maximum capacity of about 
350 g.p.m. of 3 per cent hydrochloric 
acid. Under these conditions, the 
false bottom will require cleaning 
nearly every day. 


Dolomitic Lump Limestone 


Dolomitie lump limestone is the 
cheapest alkali for acid neutralization 
in areas where it is available without 
freight costs. Flow rates 
will probably be somewhat less than 
those obtainable with high-calcium 
stone, because the material reacts more 
slowly. It has from 15 to 16 per cent 
greater neutralizing value than high- 
calcium stone, and can be used sue- 
cessfully in either upflow or downflow 
beds. Because the solubility of mag- 
nesium sulfate is high, somewhat 
stronger solutions of sulfurie acid 
(0.5 per cent) may be neutralized 
without coating the stone with insolu- 
ble calcium sulfate. This can be a 
distinct advaritage in cases where the 
waste as produced is sufficiently con- 
centrated to require the addition of 
water for dilution prior to neutrali- 
zation. 


excessive 


Pulverized Limestone 


The cost shown in the tabulation for 
pulverized limestone is for material 
ground to pass a 20-mesh screen and 
sold for agricultural purposes. 

The usual grades of high-caleium 
stone of this fineness will require a 
reaction time of from 45 to 60 min. 
when used batchwise in theoretical 
quantities to neutralize sulfurie acid. 
This reaction time can be eut to 30 
min. or less by the use of 10 per cent 
excess of limestone. In using this ma- 
terial, it is essential that means be 
provided to keep the material in sus- 
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pension in the acid wastes until reac- 
tion is completed. Personal observa- 
tion indicates that the most successful 
application of this material involved 
the discharge of the pulverized stone 
at a uniform rate to a sewer line carry- 
ing the acid wastes. The sewer was 
of such slope and length that adequate 
suspension of the limestone and proper 
reaction time were obtained. 

Material of this character is easily 
handled in conventional screw con- 
veyors and bucket elevators. It does 
not usually hang up in hoppers or 
silos, provided the moisture content is 
below 1 per cent. When the material 
is ground finer than 20-mesh, handling 
difficulties increase. Material of 200- 
mesh and finer exhibits much the same 
properties as hydrated lime and must 
be handled accordingly. 

The reaction rate of dolomitie lime- 
stone is so slow that no application is 
known for its use in the pulverized 
form. 


“Special” Limestone 

The ‘‘special’’ grade of limestone 
shown in Table I is known to be avail- 
able in northern New Jersey. It is a 
highly reactive stone containing traces 
of graphite. Its use for acid neutrali- 
zation was proposed by Gehm (1), 
whose tests indicated that flow rates 
as high as 50 g.p.m. per sq. ft. were 
possible and that sulfurie acid in con- 
centrations up to 10,000 p.p.m. could 
be neutralized without coating the 
stone. The method is in use at two 
plants in Pennsylvania, but has not 
had wide acceptance as yet. It ap- 
pears that the upward flow or ex- 
panded bed principle will have exten- 
tive possibilities if it can be adapted 
to ordinary grades of limestone. 


Hydrated Lime 


Hydrated lime is usually sold in 
50-lb. bags, although some bulk ship- 
ments have been made under special 
circumstances. Usually the supplier 
is not equipped to load hydrate in 
bulk. As a result, the user of hydrate 
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is faced with a relatively high labor 
cost for bag handling and the neces- 
sity for disposing of large numbers 
of empty bags. 

In the hydrate form, the calcium 
has been converted from calcium oxide 
(quicklime) to calcium hydroxide by 
the addition of water. Where this is 
attempted with a quicklime which is 
dolomitic in character, the magnesium 
does not usually hydrate, or at least 
the bulk of it does not, unless the hy- 
dration is carried out under pressure. 
Ordinary dolomitic hydrated lime is, 
therefore, a mixture of calcium hy- 
droxide and magnesium oxide with 1 
to 2 per cent of magnesium hydroxide. 
Incidentally, the pressure-hydrated 
material makes a poor neutralizing 
agent, because it is slower to react 
than the ordinary dolomitie hydrate. 

Hydrated lime is a difficult material 
to handle in some respects. It has a 
distinct tendency to arch or bridge 
over the outlet in storage bins, and its 
flow properties are poor. Provisions 
must be made in storage and feed hop- 
pers to prevent arching if uniform 
feed rates must be maintained. 

Table I indicates that hydrated lime 
is generally more expensive than other 
calcium-base materials. It is particu- 
larly applicable to neutralization prob- 
lems where small quantities are in- 
volved, as it can be received and stored 
in bags without the erection of spe- 
cial storage facilities. 


Quicklime 


In the manufacture of quicklime, 
high-caleium or dolomitic limestone is 
burned to the oxide by driving off 
carbon dioxide. Much lime is burned 
in shaft kilns, where the limestone is 
charged at the top and removed at 
the bottom, with the hot combustion 
gases passing upward through it. The 


limestone is charged in 2- to 4-in. 
lumps and is in the kiln about 30 hr. 
during its travel from top to bottom. 
Another way in which lime is pro- 
duced is by use of a rotary kiln. In 
this case, 2-in. lump limestone is used. 
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The burning is completed in about 2 
hr., as compared to the 30 hr. for the 
shaft kiln. Because the conditions un- 
der which the burning takes place are 
so different, the physical character- 


istics of the two materials are not 
alike. 
Shaft-kiln lime is_ traditionally 


hard-burned and very little unburned 
carbonate remains in it. As a matter 
of fact, some overburning occurs, ren- 
dering shaft-kiln lime somewhat less 
reactive than that produced in a 
rotary kiln. Lime from a rotary kiln 
is soft-burned and is the most reac- 
tive lime available when properly 
slaked. Due to this soft-burning, some 
of the center particles of the larger 
lumps are unburned and constitute 
from 1 to 2 per cent of grit or ‘‘core”’ 
when slaked. Commercial slakers are 
equipped for the continuous removal 
of the ‘‘core.’’ 

In rolling through the rotary kiln, 
the edges of the limestone particles 
are rounded off and the screened end- 
product is known as pebble lime. It is 
an ideal material to handle and is the 
cheapest form of lime obtainable. 

Pebble lime, where obtainable, is 
usually sold at the same price, or 
slightly less than other forms of quick- 
lime. It can be handled in any of the 
conventional unloading and feeding 
devices, such as belts, screw conveyors, 
bucket elevators, or vacuum systems. 
To be utilized to the best advantage 
for neutralization purposes, it must 
be properly slaked. The slaking tem- 
perature for high-calcium quicklime 
is about 95° C., whereas dolomitie 
quicklime will slake at a somewhat 
lower temperature. The freshly hy- 
drated lime in slurry form is more 
reactive than the dried product, 
whether it be of the high-calecium or 
dolomitic variety. This may be caused 
by a slight degree of carbonation 
which takes place in producing the 
dried lime hydrate. 

East of the Alleghenys dolomitic 
pebble lime is not as easy to obtain as 
the shaft-kiln product, because there 
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is only one rotary kiln operating on 
dolomitie limestone. 

In cases where large quantities of 
acid are to be neutralized, pebble lime 
warrants serious consideration. 

An excellent general discussion of 
lime and its uses (2) states that rotary 
kilns of over 400 ft. in length are cur- 
rently in operation. Some units pro- 
duce as much as 300 tons of quicklime 
per day. 

Shaft-kiln lime is sometimes ground 
through hammer mills before being 
put into storage bins at the producer’s 
plant. At lime plants where both 
rotary and shaft kilns are operated, 
the excess product from the rotary 
kiln, after pebble requirements are 
satisfied, is mixed with the shaft kiln 
product ahead of the hammer mill. 
The material is not finely ground and 
its handling characteristics in convey- 
ing equipment are good. It 
somewhat difficult to remove from 
hopper-bottom after becoming 
packed down in transit, but it will 
usually handle easily from subsequent 
storage. 


may be 


ears 


Ground quicklime is not so easily 
slaked as pebble lime, but no difficulty 


is experienced on this score in prop- 
erly designed equipment. Asarule, less 


core’’ is produced, because the mate- 
rial is largely shaft-kiln in origin and 
the hammer mill will break up some 
of the unburned limestone particles. 

Ground quicklime is 
either the 
variety. 


available in 
high-caleium or dolomitic 
Quite frequently the freight 
rate will be a deciding factor, as the 
starting materials, high-caleium and 
dolomitic limestones, do not usually 
occur in the same general areas. 

The Hercules Powder Co. has op- 
erated a neutralizetion plant at Parlin, 
N. J., for a year or more utilizing 
ground dolomitie quicklime. The lime 
is hydrated in a slaker and is stored as 
a slurry just prior to use. The equali- 
zation and neutralization are carried 
out in a five-compartment rectangular 
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tank. The compartments are formed 
by baffles and each one is agitated. 
The first two compartments serve as 
blending or equalizing tanks, with 
lime slurry being added in the third 
and fifth compartments. The slurry 
addition is controlled by a pH meter 
at each point of addition. The dis- 
charge pli is maintained at 4.0, but 
additional reaction occurs in the dis- 
charge sewer line so that all mineral 
acidity has been neutralized before 
the effluent enters the river. 

A description of this plant has been 
given elsewhere (3). 


Discussion 


It should be remembered that lime- 
stones and limes of the dolomitie vari- 
ety (that is, originating from limestones 
having molecular equivalents of caleium 
and magnesium) have slower reaction 
rates than the corresponding high- 
calcium but that a given 
weight will neutralize more acid than 
the corresponding 
terial. 

It is well to mention that the pur- 
chase of any limestone or lime which 
has not been tested for the specifie con- 
ditions under which it will be used is 
a risky business. This is especially the 
case if some form of limestone is to be 
used. Different stones exhibit differ- 
ent reaction rates and contain varying 
amounts of inert material. Each one 
will have a _ different neutralizing 
value, depending on the total amount 
of active material present and the 
ratio of magnesium to ealeium in the 
stone. 

The neutralizing agent which will 
be best for a given case will depend 
on the volume, kind, and quantity of 
acid to be neutralized, on the cost of 
the equipment required, and on the 
availability and cost of the alkalies 
obtainable. These and other factors 
concerning the process producing the 
acid and the local conditions must be 
taken into account if the resulting 
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neutralization plant is to give good 
results at the lowest cost. Such con- 
sideration is fully justified by the in- 
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vestment and the substantial operat- 
ing costs involved in neutralizing any 
sizable quantities of acid waste. 
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CHEMICAL LIME BOOKLET AVAILABLE 


A new illustrated booklet on chemi- 
cal lime, entitled ‘‘Chemicai Lime 
Facts,’’ has been announced by the 
National Lime Association. The 42- 
page bulletin on lime, which has be- 
come the second largest basic chemi- 
cal, is divided into two main sections, 
as follows: 


1. A fairly brief, yet complete dis- 
cussion of the many diverse chemical 
lime uses in various industries, includ- 
ing water treatment, sewage treat- 
ment, and industrial wastes treatment. 

2. A technical data section on the 
principal chemical and physical prop- 


erties of lime, including such data as 
solubility, pH, strength of lime suspen- 
sions, specific heats, crystalline struc- 
ture data, and neutralization values. 


The booklet is written expressly for 
chemists, chemical engineers, and 
others concerned with use of lime in 
industrial and waste treatment proc- 
esses, and as such represents perma- 
nent reference material. 


Single complimentary copies may be 
obtained upon request from the Na- 
tional Lime Association, 925 15th St., 
N.W., Washington 5, D. C. 
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Stream Pollution 


RELATIONSHIP BETWEEN AIR POLLUTION AND 
WATER POLLUTION * 


I. The Air Pollution Problem 


By Joun C. Soer 


Acting Director, Division of Industrial Health, Michigan Department 
of Health, Lansing, Mich. 


One of today’s most pressing and 
popular problems in public health is 
air pollution. There is an insistent de- 
mand on the part of the people of all 
communities to clean the air of indus- 
trial wastes. There is a cautious desire 
on the part of most industries to control 
it, and apparently a deep interest and 
desire on the part of many organiza- 
tions, technical and scientific societies, 
and professions to participate in this 
new activity in the field of public 
health. 

Proof of the interest and emergency 
aspect of air pollution is seen in the 
many symposia presented during the 
past 18 months on air pollution. In- 
cluded among the organizations devot- 
ing complete sections to air pollution 
at their annual meetings were the 
Division of Industrial and Engineering 
Chemistry, American Chemical So- 
ciety ; the Manufacturing Chemists As- 
sociation; the Smoke Prevention Asso- 
ciation of America; the Industrial Hy- 
giene Foundation; the American Mete- 
orology Society ; the Chemical Section, 
National Safety Congress; and the 
First National Air Pollution Sym- 
posium at Pasadena, Calif. In Febru- 
ary, 1950, in-service training 
course on air pollution given by the 
School of Public Health, University of 

*A symposium of three papers presented 
at 1950 Annual Conference, Michigan Sewage 
and Industrial Wastes Assn.; Traverse City, 
Mich.; May 22-24, 1950. 


Michigan, was the first of its type. In 
May, 1950, the U. 8. Technical Con- 
ference on Air Pollution was held in 
Washington, D. C., at the request of 
the President. This conference was the 
most comprehensive on the subject to 
date, with some 100 papers being pre- 
sented and more than 700 people at- 
tending from all over the United States, 
the United Kingdom, and the Nether- 
lands. 


Public Awareness 


Why all this sudden interest in a 
problem that has been with us ever 
since the Industrial Revolution? Many 
people believe that it all started with 
the Donora, Pa., disaster. From the 
experience in the Michigan Department 
of Health, this is not the ease. The 
first rumblings of protest began erystal- 
lizing around 1942, but the Donora in- 
cident did do two things—it made air 
pollution an emergency measure and it 
made the general publie realize that air 
pollution involves more than smoke and 
fly ash. 

There are two principal reasons for 
this sudden interest in cleaning up the 
air we breathe. 
sidered as all 


The first can be con- 
those factors coming 
under the heading of nuisances. People 
no longer condone or have patience 
with things that cause them repeated 
discomfort and inconvenience. Our im- 
proved standard of living demands re- 
lief from air pollution. The rapid de- 
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preciation of property values and other 
economical losses in air polluted areas 
are evidence that these nuisances are 
more than mental, physiological, or 
psychological hazards. 

The second major reason for the de- 
mand for clean air is the sudden aware- 
ness that perhaps dirty air has some 
relationship to the incidence and se- 
verity of respiratory diseases. This, of 
course, is extremely controversial. It 
is known that some types and concen- 
trations of air pollutants make acute 
severe disabling disease a possibility. 
The extreme effects. of air pollution 
were demonstrated at Donora. The 
U.S. Public Health Service found that 
43 per cent of the population was af- 
fected from ‘‘slight’’ to ‘‘extreme se- 
vere,’’ with 22 fatalities. They found 
(and this is believed to be very im- 
portant) that there was a direct re- 
lationship of both incidence and se- 
verity to increasing age. Another 
highly significant fact was that all fa- 
talities had previous cardio-respiratory 
diseases. These latter two findings 
bring up some interesting questions. 


Research Needed 


The greatest need in the field of air 
pollution is more and accurate informa- 
tion; in other words, research. This 
applies to both medicine and engineer- 
ing. In fact, the President’s Confer- 
ence in Washington had, as one of its 
objectives, to induce Congress to ap- 
propriate funds for medical and engi- 
neering research in air pollution. 

Although industrial health person- 
nel have much information on maxi- 
mum allowable concentrations relative 
to acute exposures, little is known 
about the long-range effects of air pol- 
lutants on health. Does continued ex- 
posure under normal weather condi- 
tions affect health? What effect does 
air pollution have on ecardiacs, asth- 
matics, and victims of other respiratory 
diseases? Does air pollution only ag- 


eravate, or does it cause onset of re- 
spiratory cancer? What are the effects 
on elderly people; does it shorten the 
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life of the aged? Does air pollution 
have any relation to the increasing in- 
cidence of respiratory cancer? These 
are questions which everyone is asking. 

Another involved question comes up 
in establishing maximum allowable 
concentrations for air pollutants. It 
is possible to determine allowable con- 
centrations which will prevent sudden 
or acute illness, but it is difficult to 
establish maximum allowable concen- 
trations which will completely prevent 
ill effects, in contrast to establishing 
maximum allowable concentrations 
which initially have no ill effects but 
may have an accumulative effect over 
years of exposure and allow us to en- 
joy a more lingering death. 

engineering is in a more favorable 
position, due to the fact that it has 
been in the field over a longer period 
of time. Nevertheless, there is much 
work to be done in engineering re- 
search, standardization of analytical 
procedures, and standardization of effi- 
ciency ratings. The standard analytical 
instruments used in industrial hygiene 
are ready made and valuable, but many 
of them are not adapted to outside con- 
trol work. Much work has already been 
done on adapting the electron micro- 
scope, the cascade impactor, the pene- 
trometer, the Szigmonty ultra micro- 
scope, and the mass spectrometer. Ex- 
periments are now in progress with 
liquid air or nitrogen ‘‘freeze out’’ 
traps and new methods are being de- 
veloped for sulfur dioxide and the ox- 
ides of nitrogen. 


Type of Wastes 

Industrial wastes in air are always 
found in the form of particulate mat- 
ter, or as a gas, or some stage in be- 
tween. In general, as the size of the 
pollutant decreases in size, the problem 
of collection becomes more difficult. It 
is easy to screen out baseballs with 
chicken wire, but a golf ball will go 
through. When one gets down to par- 
ticulate matter in sizes of 1 micron or 
less to the molecular sizes of gases, a 
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whole new phase of air pollution, that 
of contaminant collection, is involved. 

Michigan, being a highly industrial- 
ized state, has many acute air pollution 
problems. Consequently, it has a se- 
rious waste disposal problem. In 1949 
the Division of Industrial Health in- 
vestigated and worked on air pollu- 
tion cases involving the following ma- 
terials: asphalt, baking oven odors, 
bromine, bufting dust, calcium oxide, 
calcium hydroxide, cement dust, cotton 
dust, DDT dust, fly ash, foundry dust, 
fluorides, gravel dust, hydrogen sulfide, 
iron dust, iron oxide, lead oxide and 
fumes, mill pond odors, monochloroben- 
zene, naphthalenes, oxide of nitrogen, 
paint mist, phosphate, fertilizer dust, 
phthalic anhydride, plating plant 
odors, rendering plant odors, rock wool 
dust, rubber odor, silica dust, smoke, 
solvents, sulfur dioxide, sulfuric acid, 
valerie acid, welding fumes, wood dust, 
and zine oxide. 

The control and collection of many 
of these materials is, in most cases, 
difficult and involved. Like many other 
things, however, any air pollution prob- 
lem can be controlled when money is 
no question. In general, there are four 
major considerations in the installation 
of collection devices. First, is the se- 
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lection of the method or collector most 
suitable for collecting the particulate 
matter. Second, is consideration of the 
initial cost of the equipment and in- 
stallation and whether the costs are 
justified by the extent of the nuisance 
or hazard. Third, maintenance on the 
collection equipment, a big item on 
many collectors, must be considered. 
Fourth, consideration has to be given 
to the disposal of the collected material 
and whether it sets up another disposal 
problem just as serious as the original 
air pollution problem. 

The author recalls, in primary school 
days, using an old geography text hav- 
ing a colored picture of steel mills in 
an industrial section of a city. The 
stacks were belching smoke, fumes, 
and fire; the caption read, ‘‘ Pittsburgh 
—a Busy and Thriving Metropolis.’’ 
In those days it was thought that 
smoke, fume, and fire were synonymous 
with industrial prosperity. Today, all 
the people of every industrial commu- 
nity know that the scientists who have 
produced such marvels as the radio, 
atomic energy, television, and penicil- 
lin can control industrial wastes so that 
we can have a busy metropolis and in- 
dustrial prosperity without polluting 
the air to get it. 


II. Air Pollution Control Methods 


By J. Lovis YorK 


Assistant Professor, Department of Chemical and Metallurgical Engineering, 
University of Michigan, Ann Arbor, Mich. 


The engineer’s approach to control 
of air pollution is purely economic. 
The knowledge now available is suffi- 
cient for control of any known air 
pollution within reasonable limits, but 
it may be more expensive than an of- 
fender can bear, particularly if the 
offender be a small industry. Current 
engineering research is directed toward 
reducing the expense of such control 
as much as toward increasing its ef- 
fectiveness. 


Some of the reasons for the high cost 
of pollution control are inherent in the 
nature of the materials to be restrained 
from entering the atmosphere. Usually 
these are classified into arbitrary 
groups such as dusts, fumes, sprays, 
fogs, and vapors. Dusts and fumes are 
solid particles; sprays and fogs are 
liquid particles. Dusts and sprays are 
produced mechanically by grinding or 
spraying; fumes and fogs are con- 
densed from the vapor state. This last 
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differentiation is rather arbitrary and 
occasionally irrelevant to the neighbor 
who complains of air pollution, but is 
important if control involves changes 
in the process producing the contami- 
nant. Vapors are frequent offenders, 
especially those which are malodorous, 
and are rarely removed in any appreci- 
able quantity by equipment designed to 
control dispersion of solid matter. 


Particle Sizes 


The sizes of the particles to be re- 
moved are usually expressed in mi- 
crons, each of which is 0.001 mm., or 
about 1/25,000 in. Particles larger 
than 400 microns are never trouble- 
some in air pollution, because they 
settle out so rapidly that they rarely 
drift beyond the plant fences, or can 
be removed by simple home-made con- 
trol devices. A rough size range of 
particles is given by Table I. 

Other important factors in design of 
control equipment are the concentration 
of particles in the gases and corrosive- 
ness of the particles and the carrying 
gas. The corrosion problem, including 
temperature effects, is standard and 
needs no special information beyond 


TABLE I.—Comparative Particle Sizes 


AIR POLLUTION 


Particle Size (microns) 
Rain > 100 
Atmospheric fog 1 to 50 
Acid fog 0.1 to 10 
Smoke <i 
Tobacco smoke 0.2 
Talcum powder 10 
Flour 15 
Cement dust <40 
Coal dust 5 to 10 
Silica dust lto5 
Zine fumes 0.1 to 1 
Paint pigments 0.2 to 2 


Opening in 200-mesh screen 74 


Diameter of human hair 50 to 200 
Limit of visibility: 
Naked eye 10 to 50 
Ordinary microscope 0.2 
Ultra microscope 0.005 
Electron microscope 0.002 
Large molecules 0.005 


1 Size believed to cause silicosis. 
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that normally employed in designing 
the other equipment of the plant. The 
concentration of particles is of greatest 
importance in making the decision to 
install ‘‘batch-type’’ equipment, with 
periodic labor costs for renewal of part 
of the equipment or cleaning, or ‘‘con- 
tinuous’’ equipment, which can renew 
or clean itself continuously or on an 
automatic cycle. The decision is 
purely economic, based on local labor 
costs, equipment costs, and deprecia- 
tion rates. 
Stacks 


A common method of control of air 
pollutants is the use of tall stacks. No 
removal of the pollutant from the gas 
stream is made, but it is discharged at 
a height that provides dilution of the 
pollutant by the atmosphere before it 
reaches the ground. Obviously, the 
total discharge of pollutant is not re- 
duced, but it is spread over a larger 
area to reduce the concentration. This 
method has proven quite successful in 
many plants in the Western States, but 
is less practical where short stacks and 
low stack-gas temperatures are neces- 
sary, such as city power plants. High 
stack-gas velocities improve such prob- 
lems, however. 


Settling Chambers 

The simple gravity settling chamber 
is easily added to many plants and is 
effective on larger particles. The set- 
tler is a long, wide, empty horizontal 
chamber, usually rectangular and shal- 
low. Its principle of operation is 
simple, being the reduction of gas ve- 
locity to allow particles to settle out by 
gravity and collect in the bottom of the 
chamber. The usual design reduces the 
velocity to less than 10 ft. per sec. and 
removes particles larger than 40 mi- 
crons. The pressure drop is small, 
abrasion is negligible, and costs are 
low, usually that of construction by the 
plant crew. 

Baffling such chambers is of doubtful 
value, for the effectiveness of baffling 
depends upon inertia tending to throw 
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the particle out of the main flow of gas. 
This inertia increases with the sharp- 
ness of the turn, and so does the pres- 
sure drop. The inertia also increases 
with increasing velocity, as does pres- 
sure drop, but then the gravity action 
is counteracted by turbulence. If in- 
ertia is to be used to remove particles, 
the equipment should be designed as 
high-velocity units with maximum 
changes in direction, such as in a ‘‘ey- 
clone’’ or tangential inertial separator. 


Cyclones 


Cyclones may be classed roughly by 
size, being built usually as large single 
units or multiple small units. Figure 1 
shows a large single unit; Figure 2 
shows a unit made up of many small 
eyclones. Both cyclones are basically 
hollow cylinders with conical bottoms 
and central outlets from the top. The 
gas enters the large unit tangentially, 
spirals downward into the taper, 
tightens into a spiral of smaller diam- 
eter, and leaves upward through the 
central outlet. The solids are thrown 
to the outside of the cylinder and slide 
down the walls to the bottom of the 
cone, from which they may be dis- 
charged periodically or continuously. 

Gas and 


solids 


niet 


Access 
door 


FIGURE 1.—Single cyclone with damper 
flow control. 
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FIGURE 2.—Multiple cyclone unit (cour- 
tesy Western Precipitation Corp.). 


The inlet velocity to the large unit can 
be controlled by the damper, thus 
maintaining relatively constant ef- 
fectiveness at flows below those for 
which the unit is designed. The mul- 
tiple unit has the gas entering the 
assembly from the back in Figure 2, 
being deflected by the slanted panel 
down around the central pipes and 
into the small cyclones through the an- 
nular space at the top of each. The 
small cyclones are all in parallel. The 
fixed vane in the annular space im- 
parts a swirl to the entering gas and 
provides the spin which throws the 
solids to the walls of the cylinders. 
The solids slide down the cones to a 
discharge hopper. The cleaned gas 
leaves through the central outlets at 
the top, finally leaving the assembly at 
the front. 

Cyclones can be made of any struc- 
tural material for resistance to corro- 
sion and high temperatures, control of 
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cleanliness, and high pressures. Al- 
most all installations require auxiliary 
blowers, for the pressure drop varies 
from 1 to 20 inlet velocity heads (a 
velocity head equals the kinetic en- 
ergy of the gas). The smallest par- 
ticles removable with a high effective- 
ness are about 5 microns in diameter, 
with effectiveness increasing with in- 
creasing inlet velocity and decreasing 
diameter of cyclone. Particles larger 
than 200 microns are removed so easily 
that a gravity settler is usually more 
economical. General cost figures range 
from 4¢ to 8¢ per eubie foot of gas 
capacity per minute (¢c.f.m.) for the 
larger single units, and up to 50¢ per 
e.f.m. for multiple units. Auxiliary 
blowers will cost an additional 10¢ to 
30¢ per ¢.f.m. 


Filters 


Filters are quite common for clean- 
ing air brought into buildings or other 
confined spaces, and have become im- 
portant in recovering solids from gas 
outlet streams. The quite common 
“‘throwaway’’ filter used in air con- 
ditioners and household ventilating sys- 
tems is usually a mat of cellulose or 
glass fibers coated with a sticky ma- 
terial. As air flows through the filter 
it makes many sudden changes in direc- 
tion in a short distanee. The solids (or 
liquids) are thrown by inertia into the 
sticky material and retained there. 
When the filter is heavily contaminated 
it is thrown away and replaced with a 
fresh unit, although many types may 
be washed with oil and used again. 
Such filters collect no particles smaller 
than 1 micron and about 85 per cent of 
particles 10 microns and larger. They 
cost from 1¢ to 10¢ per c.f.m., and are 
limited to cleaning of general atmos- 
pheres with less than 5 grains (avoir- 
dupois) per 1,000 cu. ft. Industrial 
atmospheres contain about 1 grain per 
1,000 cu. ft., but most dust-control 
units handle gases containing 20 to 200 
grains per cubie foot. Filters for these 
higher concentrations are usually bag 
filters. 
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A typical ‘‘baghouse’’ is shown in a 
cut-away view in Figure 3. The indi- 
vidual bags are long slim sacks, closed 
at the upper end and lightly stretched 
from the top suspension rack to the 
bottom distributing plate. The gas 
enters at the bottom left, turns above 
the discharge hopper and flows upward 
into the bags. The gas filters through 
the’ bags and leaves from the upper left, 
or some other convenient side. The 
solids build up on the inside of the bag 
until the automatic time-cycle controls 
divert the gas flow, usually through 
other units in parallel, and a motor 
control operates the ‘‘rapper.’’ The 
top suspension rack is shaken and 
rapped to dislodge the dust, which falls 
into the discharge hopper, after which 
the unit is placed back in service. The 
rapping must be performed frequently, 
and worn bags must be replaced manu- 
ally. Various designs include use of 


FIGURE 3.—Bag-filter unit (courtesy 
American Wheelabrator and Equipment 
Co.). 
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912 SEWAGE 
rectangular bags, long sheets spread in 
accordion pleats, and various rapping 
mechanisms. One modification has a 
ring running up and down a large bag, 
using a reverse air blast to clean the 
bag continuously. Bags may be made 
of cotton sateen, wool, nylon, orlon, 
asbestos, or other fabrics. Gen- 
erally the upper limit of operation is 
250° F. <A large filtering area is 
needed to keep gas velocities low. Of 
the particles larger than 2 microns, 
99 per cert are removed; but of those 
smaller than that very few are re- 
moved. Costs are from $0.50 to $1.50 
per ¢.f.m., with an additional 10¢ to 
20¢ per ¢.f.m. annually for bag re- 
placements. 
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Electrical Precipitators 


Electrical precipitators are installed 
where maximum cleanliness is desired. 
As the dirty gas passes high-voltage 
electrodes the particulate matter is 
charged and then attracted to another 
electrode. The cleaned gas passes on 
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FIGURE 4.—Plate-type electrical pre- 
cipitator (courtesy Western Precipitation 
Corp.). 


AND INDUSTRIAL WASTES 


July, 1951 


GAS OUT 


HIGH VOLTAGE 
ELECTRODES _ 


WATER IN — 


SUPPORT 
<—!NSULATORS 


WA || HEADER 
| | SHEET” 
ELECTRODES 
| WEIGHTS 
EFFLUENT 
out 


SHELL — | 


FIGURE 5.—Pipe-type electrical pre- 
cipitator (courtesy Western Precipitation 
Corp.). 


and the solids are removed by rapping 
or flushing the attracting electrode. A 
plate-type precipitator is shown in Fig- 
ure 4; a pipe-type, in Figure 5. In the 
plate-type precipitator the gas passes 
(usually horizontally) through the 
spaces between collecting plates and 
around charging wire electrodes. In 
the pipe-type, the gas flows upward 
through collecting pipes around charg- 
ing wires suspended in the center. The 
voltage is 1,500 to 6,000 volts per centi- 
meter of gap between the electrodes, 
thus usually being 30,000 to 100,000 
volts over-all. Power consumption is 
from 0.2 to 0.6 kilowatts per 1,000 
c.f.m., with a gas velocity of 3 to 10 
ft. per sec. The dust layer must be 
kept thin and moist to reduce sparking. 
From 90 to 99 per cent of all sizes of 
particulate matter is removed. The 
cost ranges from $0.30 to $1.50 per 
c.f.m. for ordinary installations, with 
an annual maintenance charge of 10¢ 
to 50¢ per c.f.m. Small-scale units or 
special materials of construction push 
the cost as high as $10 per ¢.f.m. 


Sonic Flocculators 


A recent addition to the devices for 
pollution control is the sonic flocculator. 
Usually the installation is arranged as 
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FIGURE 6.—Sonic flocculator. 


in Figure 6. The sonic generator is a 
high-intensity siren driven by com- 
pressed air. The generator is mounted 
at the top of an empty cylinder and is 
aimed downward into the cylinder. 
Dirty gas is admitted near the top of 
the cylinder and passes downward to 
an exit near the bottom. The sound 
waves from the generator are reflected 
back upward from the solid bottom of 
the cylinder, creating standing waves 
of pressure in the gas flowing through 
the unit. The effect of these waves is 
to collect the particulate matter at 
maximum-pressure points along the 
standing waves, and thus encourage its 
agglomeration into larger particles. As 
the gas leaves the cylinder, carrying 
these ‘‘floes,’’ it passes into a cyclone, 
which easily removes the large particles. 
No particles are collected in the floc- 
culator cylinder itself. The sonic ag- 
glomeration principle inherently 
inefficient at low concentrations ; there- 
fore, the exit gas can rarely be reduced 
to a content less than 1 grain per 
cubic foot. This usually means a re- 
moval of 80 to 95 per cent of the par- 
ticles, with no apparent limitation on 
particle size. The cost is not yet fixed, 
because of the small number of units 
installed, but it appears to be about 
$1.00 per c.f.m., with compressor oper- 
ating costs not included. The units 
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have been used successfully on acid fog, 
as well as on solids, with perhaps a 
better effectiveness than on the solids 
because of better flocculation charac- 
teristics. 


Solids Disposal 


All the units mentioned so far re- 
move the solids dry, producing a mass 
of fluffy dust in the collecting hoppers. 
As this dust is easily re-entrained by 
the gas stream or scattered by the wind, 
its further disposal is still a problem. 
Usually it is flushed out by water to 
form a mud and to reduce blowing, 
but it is difficult to wet down and usu- 
ally requires the use of wetting agents. 
In a few cases the dust is re-usable in 
the process, making its disposal simple. 
In most cases, however, the dust has no 
value and is thrown away. Because of 
its fluffiness it cannot be dumped 
openly, but should be buried or dumped 
at sea. 

A different category of equipment is 
operated with a continuous liquid 
stream, either as a flushing medium to 
clean the surfaces or as a_ screen 
through which the gas must pass. The 
latter equipment is usually classed as 
a washer or a wet scrubber. The quan- 
tity of water is sufficiently high to form 
a suspension of the solids which is 
easily pumped. If water is scarce and 
expensive, this suspension may be set- 
tled to give a heavy sludge and a quan- 
tity of water for re-use. The sludge 
may be dumped with less trouble than 
the mud from dry collectors because 
flocculation is greater, but some ma- 
terials must still be buried to prevent 
blowing when they dry out. If water 
is plentiful, the suspension from the 
scrubber may be discharged directly 
into the sewer and the sewage works 
handed the final disposal problem 
whether it be fly ash, silica, or even 
acids. 


Wet Cyclone 


A continuous water spray may be 
added to the units described above, 
with the hope of increasing the ef- 
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FIGURE 7.—Wet cyclone (courtesy 
Chemical Construction Corp.). 


fectiveness of removal. A wet cyclone 
is pictured in Figure 7. Re-entrain- 
ment is reduced and, theoretically, the 
smaller particles are made larger by 
combination with the spray drops. The 
latter action depends upon the effective- 
ness of impaction of the drops on the 
particles, which is rather poor unless 
the drops are quite small. Particles 
smaller than 1 micron can be removed 
effectively by such impingement only if 
the water drops are smaller than 50 
microns. Such small drops are expen- 
sive and difficult to produce, and are 
themselves easily entrained, thus creat- 
ing a new nuisance. 

A new device using this principle is 
the Venturi scrubber. A large Venturi 
tube is built into the inlet line to the 
wet cyclone of Figure 7, and water is 
introduced at the throat of the Venturi. 
The high velocity of gas past the 
entering water serves as a gas atomizer 
to create small drops, and the high 
turbulence provides maximum oppor- 
tunity for the drops to encounter the 
solids. The larger wet particles are 
then easily removed in the wet cyclone. 
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Wet Scrubbers 


Several devices have been designed 
in an effort to provide sheets of water 
spray through which the gas must flow, 
and in which the solids are knocked 
down by the water drops. All of these 
operate on the double principle of pro- 
viding a maximum of reversals of di- 
rection for the gas flow as well as the 
spraying action. A typical unit is 
shown in Figure 8, although there are 
dozens of others. In Figure 8, the dirty 
air enters through a wet cyclone at the 
bottom and twists upward through a 
series of vaned cylinders arranged so 
that a small waterfall must be pene- 
trated twice for each eylinder. 


WATER AND SLUDGE 
OUTLET 


FIGURE 8.—A typical wet scrubber 
(courtesy Claude B. Schneible Co.). 
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All these units cost from $0.30 to 
$1.00 per e.f.m. and require from 3 to 
10 gal. of water per 1,000 cu. ft. of 
gas. Particles larger than 2 microns 
will be removed to an extent of 90 to 
99 per cent, but smaller particles are 
almost unaffected. The use of an actual 
water-jet injector instead of the Ven- 
turi tube mentioned above will be satis- 
factory occasionally, with similar costs, 
a water consumption of 50 to 100 gal. 
per 1,000 cu. ft. of gas, but with an 
inerease in draft. 


Absorbers 


Wet scrubbers also absorb those 
vapors which are soluble in the liquid 
supplied. Many absorbers for vapor 
removal are built similar to wet scrub- 
bers, but usually better absorption is 
obtained by using specially designed 
equipment. The commonest unit is a 
cylindrical tower filled with inert pack- 
ing material, whose purpose is creation 
of interfacial area between the liquid 
and gas. This packing may be simple 
crushed stone or elaborately shaped 
special pieces of metal or ceramic. The 
liquid flows down the tower as the gas 
flows up, and the liquid then may be 
discarded immediately, recirculated un- 
til increasing concentrations of vapor 
in the rich liquid permit discarding it, 
or recirculated through a recovery sys- 
tem to remove the vapor from the rich 
liquid continuously. Costs on such 
systems are widely variable, but range 
from $0.30 to $1.50 per e.f.m. for the 
tower and packing alone, or up to $10 
per ¢.f.m. for an entire system. 


Industry is most interested in de- 
veloping adequate air pollution con- 
trol methods because of the many bene- 
fits derived therefrom. Actually, good 
air pollution control improves the re- 
lationship of the industry with the 
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III. Industrial Viewpoint 


By J. C. Rapc.irFe 
Supervisor, Industrial Health Unit, Medical Section, Ford Motor Co., Dearborn, Mich. 


Dry Adsorption Systems 


Small quantities of vapors can be re- 
moved effectively by dry adsorption 
systems. As the gases pass over or 
through a bed of activated carbon, 
silica gel, or some other materials, the 
noxious vapors are adsorbed on the 
surface of the solids. These units are 
especially effective at extremely low 
concentrations of highly odorous 
vapors. The activated solids can be 
regenerated by heating or steaming to 
release the vapor in a small quantity 
of high concentration. The solids are 
arranged in large thick beds for higher 
concentrations and in thin beds for low 
concentrations. In small installations 
the solids are placed in small, hollow, 
double-walled canisters, which can be 
easily changed for fresh units. The 
cost is from 10¢ to 20¢ per e.f.m., with 
an annual regeneration cost of 2¢ to 5¢ 
per ¢.f.m. 


Basis of Choice 


As stated previously, a choice among 
the control devices described quite 
briefly here is primarily one of eco- 
nomics. Some units perform better on 
some materials than others, but usually 
the cost is that of increasing degrees of 
removal of the solids. The increase in 
cost is roughly double for each reduc- 
tion in solids discharge by one-half 
when the discharge is less than 10 per 
cent of the solids fed. This varies 
strongly with particle size, however. 
As always, the control unit must be 
designed for each installation. 


community and makes it more re- 
spected as a good neighbor. It shows 
that industry is willing to cooperate 
with the local authorities in maintain- 
ing a desirable community in which to 
live. 
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In addition, a good air pollution con- 
trol program directly benefits the in- 
dustry. Some of these benefits would 
be in the reduction in fuel costs, due 
to better combustion of the fuel. This 
would actually show a monetary return. 
In certain other operations, where a 
good washing mechanism is used, the 
air being washed can be returned to the 
work room and thus a direct saving in 
heat costs results. 

In certain special instances the waste 
products from certain operations 
which previously were exhausted to the 
outside air can be collected and used. 
The use of these collected wastes in 
some cases develops a by-product with 
a definite value. This, of course, is the 
exception rather than the rule, but has 
been shown to be beneficial to all par- 
ties where such a practice is feasible. 
Besides all of the above benefits, in- 
dustry is interested in maintaining its 
own equipment and property in good 
condition and reducing deterioration. 
Good air pollution control programs 
will reduce the corrosion and other de- 
terioration effects caused by specific ex- 
cessive air pollution. 

In the control of air pollution in- 
dustry has mainly directed its atten- 
tion toward the evaluation of its own 
stack effluents. This is opposite to the 
programs of the local authorities, 
whose general aim is to sample no spe- 
cifie stacks, but rather the general air 
in a neighborhood, to ascertain where 
the many air contaminants are in suffi- 
cient concentration to cause damage to 
property or be a nuisance to individ- 
uals. This direct sampling of stacks 
can be conveniently carried on by in- 
dustry, and all facts regarding any 
particular stack emission can be de- 
termined at the time of sampling. 

When a sufficient number of results 
on any one stack have been obtained an 
interpretation can be made by the en- 
gineering group to determine what fur- 
ther control is necessary. Either the 
results are satisfactory and meet all 
the requirements of the local ordi- 
nances, or changes are indicated. These 
changes take two forms; either a change 
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in the collecting equipment so that the 
effluent meets the local ordinances, or 
a complete change in the operation it- 
self so that the effluent will have differ- 
ent basic characteristics which do sat- 
isfy the ordinance. 


Effect on Liquid Pollution 


When a change in the operation or 
the collecting equipment has _ been 
planned, local liquid waste authorities 
in industry should be advised so that 
they would then be familiar with what- 
ever liquid discharges will result from 
this new or revised air collection equip- 
ment. In certain instances in smaller 
industries this liquid pollution group 
would be in the form of a consulting 
sanitary engineer. 

The liquid pollution group having 
been informed of the quantity of waste, 
its relative strength, and the frequency 
of discharge, would make whatever 
plans are necessary to control this dis- 
charge within the limiting stream pol- 
lution statutes of the state. This would 
entail the adoption of one or more 
methods of liquid waste treatment. In 
certain instances the waste could be di- 
rectly discharged to the receiving 
stream; in other cases a definite plan 
of treatment prior to discharge would 
be necessary to bring the effluent within 
satisfactory limits. Also, such a dis- 
charge might be diluted with other 
plant effluents to make the resulting 
mixture sufficiently low in polluting 
characteristics so that the receiving 
stream would not be adversely af- 
fected. In certain special instances the 
mixing of liquid waste from different 
stack collecting equipment might result 
in a counter-action of one to the other 
so that the combined waste would be 
satisfactory. This can occasionally be 
arranged in the case of acid and alkali 
wastes. 

A few specific problems of air pollu- 
tion which relate directly to liquid pol- 
lution might show the coordination 
necessary in these two phases. When 
an industry has a plating operation 
where chromic acid mists are dis- 
charged into the atmosphere they 
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normally ventilate it. This collected 
contaminated air can be successfully 
passed through a water scrubbing de- 
vice, which will wash out the chromic 
acid mist. The air passed through the 
washer can then be returned to the 
work room, thus conserving on heat and 
providing a washed air which will have 
no deleterious effect on the health of 
the individuals working there. The 
liquid washing solution with the 
chromic acid mist in it must then, 
prior to its discharge to a sewer or 
stream, be treated by appropriate meth- 
ods. This type of problem has been 
successfully handled in many instances. 

As another example, industry often 
times collects its dust through the use 
of wet collectors. The resulting sludge 
from this collection is then carried or 
conveyed to areas where land filling is 
permitted. Such land fillings normally 
would have to be covered so that the 
fine particulate matter collected will 
not be washed away into the nearest 
stream or sewer. If this cover is not 
provided, and this does occur, the 
stream or sewer will tend to fill up with 
silt. 

In the operation of blast furnaces, 
for many years the flue gases have been 
collected rather than discharged to the 
outside. This is primarily because of 
economic reasons. The gas contains a 
large amount of particulate iron oxide, 
which is valuable in its re-use in the 
blast furnace operation. There are 
both dry and wet collection methods 
used for the iron oxide. The collected 
material is then sintered and returned 
for use in the furnace. The wet col- 
lection method results in a solution, 
which must be settled out. It is en- 
tirely possible that the resulting efflu- 
ent from this settling operation might 
need further clarification prior to its 
discharge to the sewer or receiving 
stream. 

Where industries have paint spray 
applications it is necessary that the 
operation be ventilated to reduce the 
health problem to the spray operator. 
The effluent from such ventilated paint 
spray operations is normally passed 
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through a washing system, which col- 
lects the pigment and part of the sol- 
vent. The solution used to collect such 
paint spray is normally slightly caustic 
and the resulting mixture must be 
coagulated, settled, and neutralized so 
that the liquid discharge to the sewer 
or stream is within the allowable limits. 

The above four examples indicate the 
problems present in many industries. 
They have already been satisfactorily 
solved and yet they all relate directly 
to air pollution and stream pollution. 
This shows that it is possible for the 
two fields to become directly concerned 
with the same operation, and it also 
shows that they can satisfactorily re- 
solve their respective pollution prob- 
lems. 


Cooperation with Local Authorities 


Most industries have in the past 
and will in the future continue to co- 
operate with the local authorities re- 
garding air and stream pollution. In 
most instances it has been found ad- 
visable to inform such authorities of 
all contemplated changes in operations 
and controls which might relate di- 
rectly to either of these fields. Spe- 
cifically, the establishment of ordi- 
nances regarding the amount of per- 
missable air pollution has aided in- 
dustry considerably in that collection 
units can be designed to meet those 
standards. This places the burden of 
control in certain instances on the manu- 
facturers of such collecting equipment. 
This is a desirable feature, because then 
the manufacturer of the collecting 
equipment, the owner of the plant 
where such equipment is to be used, 
and the local authority are all talk- 
ing one language in relation to the 
air pollution problem. In general, co- 
operation is the keynote in the entire 
air and liquid pollution programs. 
With the cooperation that has been 
evidenced in the past, it is certain that 
gradually all problems relating to air 
pollution will be brought within rea- 
sonable limits and the problem will 
thereafter become one of maintenance. 
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THE OPERATOR’S CORNER 


ConpucTED BY HERBERT P. ORLAND 


OPERATORS’ SALARY STUDY 


The study of operators’ salaries and 
working conditions presented elsewhere 
in this ‘‘Corner’’ marks an important 
step forward by the Pennsylvania Sew- 
age and Industrial Wastes Association 
in determining the status of its mem- 
bers concerned with plant operation. 
Not only is it a basis on which to seek 
adjustment of gross inequalities exist- 
ing in renumeration and duties of sew- 
age treatment plant personnel within 
the area directly served by the Associ- 
ation, but it reaches out also to include 
a comparison of these factors with com- 
parable data reported from plants in 
contiguous states. 

One cannot, of course, directly uti- 
lize the findings of the Operators’ 
Salary Committee of the Pennsylvania 
Association to say that. the salary of 
any particular position at any single 
plant should be so much. However, by 
taking local and regional factors into 
consideration it should be possible to 
arrive at a range within which the 
salary of any position should fall by 
reason of the duties involved, as indi- 
cated by plant type and size. 

Of particular interest are the data 
on laboratory control exercised in the 
plants serving the smaller and inter- 
mediate population groups. In the 
plants serving less than 10,000 only 38 
per cent of the Pennsylvania group 
make gravimetric solids determinations 
and only 25 per cent make B.O.D. de- 


terminations on an at-least-once-a-week 
basis. In the 10,000 to 100,000 popula- 
tion class the showing is better, with 
83 and 58 per cent, respectively. If 
this comparative lack of laboratory con- 
trol prevails in Pennsylvania, which is 
generally looked upon as one of the 
more progressive states in matters of 
sewage and industrial wastes treatment, 
how much less control in plant opera- 
tion is exhibited in less progressive 
areas? 

A survey such as the Pennsylvania 
Association’s cannot lift the entire op- 
erator group by its own bootstraps, but 
it is important in revealing gross in- 
equities and serving as a guide to ad- 
justment of individual cases. One of 
its primary benefits is in revealing that 
the Association as a whole is interested 
in helping the grass-root members about 
whom all the activities of the Associa- 
tion center. 

Although not the first such survey 
(see Sewage Works Journal, 19, 2, 259; 
Mar., 1947: also, 20, 4, 724; July, 
1948), it is hoped that other Member 
Associations will take up on their own 
behalf the challenge of helping their 
operator members by similar efforts. 
After all, good operation of sewage 
treatment plants or industrial wastes 
treatment plants is dependent on good 
men working under good conditions at 
equitable salaries. 
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SALARIES AND WORKING CONDITIONS OF 
SEWAGE PLANT PERSONNEL * 
By T. R. Hase.tine, Chairman, H. M. Beaumont, P. N. LONGLEY, 
AND G. J. 


Operators’ Salaries Committee, Pennsylvania Sewage and 
Industrial Wastes Association 


The Operators’ Salaries Committee 
of the Pennsylvania Sewage and Indus- 
trial Wastes Association was organized 
in 1947 to give consideration to the 
salaries of all sewage treatment per- 
sonnel, not to just the salaries of the 
few top men. Therefore, although the 
tentative classification of sewage treat- 
ment plants suggested in the 1949 re- 
port of the Association’s Operators’ 
Qualifications Committee was of aid in 
classifying the various types of plants, 
the Salaries Committee had to further 
classify the personnel within the plants 
included in the survey it conducted on 
salaries and working conditions of 
superintendents, operators, and other 
personnel in Pennsylvania, New York, 
New Jersey, Ohio, and other states. 


Classification of Positions 


In the questionnaire sent out by the 
Committee, plant personnel were di- 
vided into ‘‘executive’’ and ‘‘subordi- 
nate’’ groups. The descriptive titles 
assigned to the executive group were 
system superintendent, treatment sup- 
erintendent, collection superintendent, 
chief operator, chemist, and master me- 
chanie. Those assigned to the subordi- 
nate group were operator-mechanic, 
operator, laboratory technician, la- 
borer, gardener, clerical and account- 
ing, and stenographic. The subordinate 
group also was considered to contain 
members of the mechanical or construec- 
tion trades, although a review of sal- 
aries of such personnel was not be- 
lieved warranted by the Committee, as 


*Condensed from a report presented at 
1950 Annual Meeting, Pennsylvania Sewage 
and Industrial Wastes Assn.; State College, 
Pa.; August 23-25, 1950. 
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they would probably be set by their 
respective unions. 

Before discussing the results of the 
survey, a few words of explanation 
may be in order concerning some of 
the titles and duties of a few of the 
above-named positions. <A large city 
having a separate sewerage bureau 
or department, or an authority formed 
for sewerage purposes alone, might have 
all of the positions shown in the ques- 
tionnaire, in addition to employing 
numerous members of the mechanical 
and construction trades. If it operated 
more than one treatment plant, it might 
well have a treatment superintendent 
in charge of each plant. There might 
also be a foreman or chief operator in 
charge of each shift at each plant. 

In the case of the smaller communi- 
ties, the system superintendent might 
actually be the city engineer or bor- 
ough manager, and so devote only a 
small portion of his time to sewage 
treatment. Actual plant operation 
might be delegated to a chief operator 
or a chemist and a master mechanic 
functioning together. However, the 
system superintendent, city engineer, 
or borough manager would still retain 
all budget responsibilities for the treat- 
ment plant. In other instances, the city 
engineer might be relieved of all re- 
sponsibility for sewage treatment. In 
such cases a treatment superintendent 
takes over those duties and reports di- 
rectly to the Council or other govern- 
ing body. It should be noted that in 
the case of these small or moderate 
sized systems the principal difference 
between a treatment superintendent 
and chief operator is that the superin- 
tendent has full budget responsibilities, 
whereas the operator has little or none. 
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Another combination that is occasion- 
ally encountered is that in which the 
city engineer acts as system superin- 
tendent and employs a master mechanic 
and a laboratory technician. In addi- 
tion, a consulting engineer or consult- 
ing chemist is employed to make pe- 
riodic visits to the plant, direct the 
work of the laboratory technician, and 
consult with the city engineer. In these 
cases, the consultant is really acting as 
the chemist, or possibly as the chief 
operator. 

In some instances, the treatment sup- 
erintendent, chemist, and/or master 
mechanic may be required to divide 
their time between the sewage treat- 
ment plant and some other department, 
such as a water filtration plant. It is, 
of course, obvious that in the smaller 
plants the duties of several or all of 
these various positions may be assigned 
to a single man. 

Unfortunately, these explanations 
did not accompany the questionnaire 
when it was mailed and so some of the 
recipients probably did not fully un- 
derstand the significance of the various 
descriptive titles. For example, one 
city of 50,000 people reported that it 
employed 15 system superintendents, 
each of whom was paid an annual 
salary of $2,800. In another instance, 
a borough manager phoned the chair- 
man of the Committee and requested 
further explanations before he replied 
to the questionnaire. In several cases, 
the charts of the actual organizations 
used by the recipients were returned 
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with the completed questionnaire in 
order to clarify those returns. How- 
ever, it is believed that in most cases 
the questionnaires were properly in- 
terpreted by the recipients and that 
most instances of misinterpretation 
have been detected and corrected by 
the Committee in making the herein- 
after discussed tabulation of the re- 
turns. 


Questionnaire Returns 


The mailing list for the questionnaire 
was developed from the list of Federa- 
tion Members and Journal Subscribers 
published in the March, 1950, issue of 
SEWAGE AND INDUSTRIAL Wastes. That 
listing was not too convenient for the 
Committee’s purposes and as a result 
questionnaires may not have been 
sent to some communities having 
plants. Undoubtedly questionnaires 
were mailed to other communities hav- 
ing no treatment plants. A total of 
323 questionnaires were mailed and 114 
completed returns were received. In 
addition, 16 other replies were also re- 
ceived. Table I shows the distribution 
of the questionnaire returns. The com- 
pleted returns from 114 communities 
covered a total of 136 actual operating 
treatment plants, as well as two plants 
in the construction stage, for which 
salary schedules already had_ been 
worked out. 

Although the original questionnaire 
had contemplated classifying the re- 
turns into six groups on the basis of 
populations served, the number and 


TABLE I.—Distribution of Questionnaire Returns 


Pop. Served 


Ohio 


Less than 10,000 
10,000 to 100,000 
Over 100,000 


Location 


W. Va.| Md. Del. B.C. 


Va. 
| 
0 | 0 

1 


| o | 
| 


l 
1 0 


! One municipality operates 2 plants. 
? One municipality operates 3 plants. 


* One municipality operates 4 plants; another operates 13 plants. 
‘One municipality has no plant in actual operation; however, salary schedules have been 
worked out for plants now in planning or construction stages. 
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TABLE II.—Number of Plants Reported 


Population Served 
Type of Treatment Less | 10,000 
tl Over 
an 1 
10, 100,000 
Total plants reported 55 60 22 
Primary treatment: 
With sep. digestion 10 15 6 
Without sep. digestion 10 10 5 
Chemical precipitation! 3 7 2 
Complete treatment: 
Trickling filters 22 13 2 
Sand filters 4 1 0 
Activated sludge 6 14 7 


! With or without secondary settling or mag- 
netite filters. 

2 Chemical precipitation used only part of 
the time in three plants. 


distribution of the replies did not war- 
rant such a detailed breakdown. There- 
fore, it was decided that the detailed 
tabulation of the replies would be 
segregated into three groups as con- 
cerns populations served by the treat- 
ment plants; namely, those serving 
10,000 people or less, those serving be- 
tween 10,000 and 100,000 people, and 
those serving over 100,000 people. 
Geographically the replies were 
segregated into five groups as follows: 


. Pennsylvania 

. New York 

. New Jersey 

. Ohio 

. Other states (ineludes Virginia, 
West Virginia, Maryland, Delaware, 
and District of Columbia). 


Table IT shows the number of plants 
reported in each population group by 
type of treatment. Altogether a total of 
56 primary treatment plants, 12 chemi- 
cal precipitation plants, and 69 com- 
plete treatment plants were reported. 


Effects of Industrial Wastes 


Industrial wastes were reported to 
exert a major influence on either the 
design or the operation of 29 of the 
plants. Apparently the industrial 


wastes played a more important role 
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in the plants serving 10,000 to 100,000 
people than they did in either the 
smaller or the larger plants. Presum- 
ably this is due to the fact that de- 
signers of the small plants realized that 
they could not suecessfully handle in- 
dustrial wastes and, therefore, such 
wastes were excluded from the tribu- 
tary sewers. In the case of the largest 
plants, the large volume of sanitary 
sewage so diluted most industrial 
wastes that they had little influence on 
either the design or the operation of 
the plant. 

Fifty per cent of the chemical pre- 
cipitation plants reported that indus- 
trial wastes were of major importance. 
However, the replies were not in suffi- 
cient detail to indicate whether it was 
the presence of such industrial wastes 
that led to the selection of chemical 
precipitation as the most suitable treat- 
ment process, or whether the wastes 
caused more trouble in operating 
chemical precipitation plants than 
other types of plants. 

Twenty-eight per cent of the acti- 
vated sludge plants, 25 per cent of the 
other complete treatment plants, and 21 
per cent of the primary plants re- 
ported major effects of industrial 
wastes. 


Garbage and Sludge Disposal 


Only five plants combined garbage 
disposal with sewage treatment. Of 
these, only one used central garbage 
grinding stations; one other had used 
them for ten years, but was not doing 
so at present. Three plants had garbage 
incinerators located at the sewage treat- 
ment plant. Two of these incinerated 
some sludge with the garbage, whereas 
the other utilized the heat from the 
incinerator for further drying of 
sludge for fertilizer purposes. 

Seven of the 22 plants serving more 
than 100,000 people used vacuum filters 
for sludge dewatering. However, only 
14 of the 56 serving populations be- 
tween 10,000 and 100,000 had vacuum 
filters, and at two of those plants the 
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TABLE III.—Number of Plants Reporting Various Types of Laboratory Control Tests!” 


July, 1951 


Location 


Ohio Other States 


(a) Puants Servine Less Tuan 10,000 


None 

Simple tests only 
Gravimetric solids 
B.0.D. 

Nitrogen 

Grease and oil 
Bacterial counts 
Plants reported 


he 


| 
| 


(b) Pants Servine 10,000 ro 100,000 


Simple tests only 
Gravimetric solids 
B.O.D. 

Nitrogen 

Grease and oil 
Bacterial counts 
Plants reported 


1 Tests made at least once a week. 
2 


filters were only used during the win- 
ter months. Only one of the 52 plants 
serving populations of 10,000 people or 
less had vacuum filters and at that 
plant their use had been discontinued. 

By far the most common means of 
disposing of dry sludge was that of 
dumping or giving it away. At only 
24 plants was any fertilizer value 
realized from the sludge. Of these, one 
large plant made commercial fertilizer, 
two small plants disposed of wet sludge 
by plowing it into fields, and 21 either 
sold the sludge locally with little or 
no fortification, grinding, and sacking, 
or disposed of it on municipally owned 
parks, cemeteries, ete. 


Laboratory Control 


Laboratory control data were re- 
quested on the questionnaire primarily 
to give an indication of the competence 
and technical training of the executive 
personnel. Therefore, the data on lab- 
oratory control from plants serving 


0 
0 
8 


Plants serving more than 100,000 assumed to have fairly complete laboratory control. 


more than 100,000 people has not been 
tabulated. The data in Table III indi- 
cate that in the case of the plants 
serving 10,000 people or less, only 38 
per cent of the: Pennsylvania plants 
make gravimetric solids determinations 
and only 25 per cent make B.O.D. de- 
terminations, whereas for the other 
four geographical groups together, 64 
per cent make the solids determinations 
and 47 per cent determine B.O.D. at 
least once a week. However, Pennsyl- 
vania rates better when plants serving 
10,000 to 100,000 people are considered, 
the data indicating that 83 per cent of 
the Pennsylvania plants make solids 
determinations and 58 per cent make 
B.0.D. determinations, whereas the cor- 
responding percentages for the other 
four geographical groups were 81 and 
65 per cent, respectively. 


Salaries 


From the data in the returned ques- 
tionnaires the Committee has attempted 


| 
= 
| I 0 4 1 
3 2 1 0 
9 6 | 14 1 
ee 3 3 16 0 : 
a 0 0 0 0 : 
e 0 0 | 0 | 0 
2 0 1 0 
15 8 | 22 2 
3 
oe None 1 | 4 | | l | 0 
0 | 3 0 0 
10 12 11 8 
7 «| 6 7 | u 7 
5 1 0 3 1 
om 1 2 1 2 0 
| 0 2 3 0 5 : 
12 19 9 12 | 8 
| 
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to calculate the total annual salary and 
wage costs per capita of population 
served for the various sizes and groups 
of plants. These per capita costs are 
probably not too accurate, first because 
the 1950 census figures were not avail- 
able at the time the questionnaires were 
returned to the Committee; secondly, 
because in some cases it was impossible 
to tell whether the salary and wage 
costs reported included the entire sew- 
erage system or only the sewage treat- 
ment plant; and thirdly, because it was 
generally impossible to divide the costs 
between the various plants in those 
cases where a single municipality was 
served by more than one plant. How- 
ever, it is believed that, in general, 
these calculated costs apply to sewage 
treatment plants alone and not to en- 
tire sewerage systems. 

Table IV shows these costs for dif- 
ferent types of treatment in the three 
population groups, regardless of geo- 
graphical location. As might be ex- 
pected, the data indicate that, for 
plants serving less than 100,000 people, 
the labor cost for primary treatment is 
definitely less than for complete treat- 
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ment, and that the labor cost for the 
activated sludge process is slightly 
higher than for other types of complete 
treatment. However, it is interesting 
to note that the labor cost for chemical 
precipitation is definitely higher than 
for complete biological treatment. 

Tables V, VI, and VII show per 
capita salary and wage costs, actual 
salaries, and working conditions for the 
various sized plants for each of the 
geographical areas considered. Be- 
cause there appeared to be such wide 
variations in both per capita costs and 
annual salaries for the various posi- 
tions, it was felt that the maximum, 
minimum, and median figures would 
be of greater significance than would 
the arithmetical averages. 

In preparing the questionnaire the 
Committee had assumed that such items 
as overtime pay, pensions, sick leave, 
and vacations might be different for the 
executive group than for the subordi- 
nate group. The returns indicated that 
many subordinates were paid on a 
monthly instead of an hourly basis and 
that in such cases those subordinates 
received the same treatment as the ex- 


TABLE IV.—Total Annual Cost of Salaries and Wages Per Capita of Population Served for 


Various Types and Sizes of Treatment Plants 


Population Served 
Type of Plant 
10,000 or Less | 10,000 to 100,000} Over 100,000 
Primary treatment Maximum $12.18 $1.43 $1.12 
Minimum 0.30 0.19 0.18 
Median 0.64 0.63 0.37 
Arith. Av. 1.58 0.70 0.42 
Chemical precipitation Maximum $ 3.75 $1.68 — 
Minimum 1.45 0.64 — 
Median 1.03 
Arith. Av. 2.60 1,14 — 
Activated sludge Maximum $ 2.69 $2.28 $0.34 
Minimum 0.87 0.48 0.16 
Median 1.61 0.86 | 0.23 
Arith. Av. 1.59 1.11 [0.24 
Other complete treatment Maximum $ 4.13 $1.65 $0.38 
Minimum 0.17 0.50 0.23 
Median 1.29 0.72 — 
Arith. Av. 1.42 0.87 0.31 
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TABLE V.—Salaries and ee Conditions in Plants — 10,000 — or Less 


Plants operated by less than full time of one man 
Plants employing full time of only one man.... 
Plants employing full time of only two men 
Plants having full 24-hr. attendance 


Total Annual Salary and Wage Cost Per Capita 
of Population Served 


Other 
States 


Maximum 
Minimum 
Median 


(Where a city has more than 1 
plant the costs are combined) 


Annual Salaries and Wages 


Superintendents! and Chief 
Operators Maximum 
Minimum 


Median 


Maximum 
Minimum 
Median 


Operators and Assistants 


Laborers Maximum 
Minimum 


Median 


Normal Working Hours for 
Salaried Personnel? 


Over 48 anes per w wk 

Over 40 but not over 48 hr. per week 

40 hours per week or less 

Plants granting overtime pay to salaried per- 
sonnel 

Plants granting sick leave with pay 

Plants granting vacations with pay 

Plants having retirement pension plans 


$4,950 
2,600 
3,160 


$4,140 
2,400 
3,050 


$3,835 
2,400 
2,650 


$3,120 
600 
2,700 


$3,000 
1,870 
2,040 


$2,680 
2,000 
2,230 


Ohio 


4 
18 


0 
19 
17 
16 


12 
12 
10 


‘Salaries of superintendents devoting less than 50 per cent of their time to sewerage not 


included. 
2 Work weeks are nominal, 
subject to call 24 hr. per day. 


not average. 


ecutives. That is, the division in bene- 
fits was generally made at the demarka- 
tion between salaries and wages, ir- 
respective of responsibility. Tables V, 
VI, and VII show only the benefits or 
privileges granted the salaried person- 
nel. In almost every instance where 
such personnel enjoyed retirement pen- 
sion plans they were required to con- 
tribute to the pension fund. 

The data in Table V cover plants 


In many instances top executive personnel are 


serving 10,000 people or less. They 
indicate that in Pennsylvania only 12.5 
per cent of those plants are operated 
by less than the full time of one man, 
whereas for the other four geographical 
areas the corresponding figure was 17 
per cent. Similarly, 50 per cent of the 
Pennsylvania plants employed two or 
more full-time operators, whereas only 
38 per cent of the plants in the other 
geographical areas had that number of 


3 
| Pa. | N.Y. | NJ. ono | 
“= | 8 | 15 8 22 2 : 
1 0 7 0 
3 | 10 6 
me 4 2 4 5 1 

oe | 0 2 2 2 0 7 

Bet $4.73 | $4.20 | $12.18 | $1.83 | $3.02 
a 0.38 0.31 0.64 | 0.27 0.17 : 
| 108 | 158} 127 | — 
| $3,600 $4,800 — 
| 1,920 2,600 

2,835 3,400 $3,000 

ce 2,485 2,900 2,500 

1,500 
a m | | | 
2 3 | 0 
5 12 5 1 
0 2 0 1 
0 2 ° 
8 7 1 
2 3 0 
4 
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TABLE VI.—Salaries and Working Conditions in Plants Serving 10,000 to 100,000 People 


Pa. N. Y. N. J. Ohio Other 


States 
Total number of plants reported............. 12 19 9 12 8 
Planis having full 24-hr. attendance.......... 9 17 6 ll 6 
Total Annual Salary and Wage Cost Per Capita 
of Population Served 
(Where a city has more than 1 Maximum | $1.65 $2.28 $1.68 $1.58 $1.02 
plant the costs are combined) Minimum 0.26 0.19 0.64 0.45 0.36 
Median 0.73 1.01 0.90 0.73 0.74 
Annual Salaries and Wages 
Superintendents! Maximum | $4,800 | $6,000 | $6,000 | $4,920 | $9,300 


Minimum | 3,102 3,350 3,100 3,432 3,500 
Median 3,900 4,475 5,000 4,500 4,800 


Chief Operators Maximum | $3,800 | $4,470 | $4,500 | $4,000 | $3,500 
Minimum | 2,760 3,200 2,600 2,760 2,700 
Median 3,576 3,387 3,600 3,420 3,050 


Chemists Maximum — $3,721 | $3,600 — $4,000 
Minimum _— 3,000 3,400 — 2,700 
Median 3,480 —_ 3,500 4,000 3,000 
Master Mechanics Maximum | $2,748 | $3,630 | $4,400 me $3,400 
Minimum | 2,725 3,000 2,700 a 2,700 
Median --- 3,600 3,250 3,300 3,000 
Operator-Mechanics Maximum | $3,000 | $3,720 | $3,300 | $3,400 | $2,975 
Minimum 2,015 2,600 2,880 2,940 2,700 
Median 2,580 3,142 3,000 3,100 2,675 
Operators Maximum |} $2,928 | $3,222 | $4,200 | $3,204 | $2,600 


Minimum | 2,178 2,486 2,400 2,400 1,800 
Median 2,600 3,000 2,660 3,020 2,450 


Laboratory Technicians Maximum | $2,244 -- — $2,760 | $2,405 
Minimum | 2,040 2,400 600 
Median 2,208 2,400 2,660 —— 2,000 
Laborers and Gardeners Maximum | $2,522 | $3,000 | $2,800 | $2,800 | $2,400 


Minimum 1,800 780 2,440 2,160 1,650 
Median 2,150 2,674 2,540 2,450 1,800 


Novfalaried Pa | N.Y. | NS | Ohio | Stites 

Over 48 hours per week 1 2 0 0 1 
Over 40 but not over 48 hr. per week 10 11 6 12 7 
40 hours per week or less 1 6 3 0 0 
Plants granting overtime pay to salaried per- 

sonnel 0 2 2 1 0 
Plants granting sick leave with pay il 19 9 12 6 
Plants granting vacations with pay il 19 9 12 8 
Plants having retirement pension plans 2 19 6 12 1 


‘Salaries of superintendents devoting less than 50 per cent of their time to sewerage not 
included. 

2 Work weeks are nominal, not average. In many instances, top executive personnel are 
subject to call 24 hr. per day. 
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operators. Despite these facts, the 
total per capita annual salary and 
wage cost in Pennsylvania was ma- 
terially lower than it was in the other 
areas. This is believed to be conclu- 
sive evidence that the operators of 
small plants in Pennsylvania are 
grossly underpaid. As further evi- 
dence, it will be noted that in 25 per 
cent of the small Pennsylvania plants, 
salaried personnel are required to work 
more than 48 hr. per week, whereas 
such conditions exist in only 17 per 
cent of the small plants in the other 


JUSTRIAL WASTES July, 1951 
geographical areas. The Pennsylvania 
plants appear to be somewhat more 
liberal in granting vacations, but only 
25 per cent of them have retirement 
pension plans, while 61 per cent of the 
small plants in the other areas have 
such plans. 

These small plants employ so few 
men, most of whom fulfill the duties 
of several of the positions covered in 
the questionnaire, that some of those 
positions had to be grouped together 
in the reporting of annual salaries and 
wages. Table V indicates that the 


TABLE VII.—Salaries and Working Conditions in Plants Serving More Than 100,000 People 


Other 
States 


Pa. Ohio 


52 


2 
2 4 


Total Annual Salary and Wage Cost Per Capita 
of Population Served 


Maximum 
Minimum 
Median 


(Where a city has more than 1 
plant the costs are combined) 


Annual Salaries and Wages 


Maximum 
Minimum 
Median 


System Superintendent 


Maximum 
Minimum 
Median 


Asst. System Superintendent 


Maximum 
Minimum 
Median 


Treatment Superintendents 


Maximum 
Minimum 
Median 


Collection Superintendents 


Maximum 
Minimum 
Median 


Chief Operators 


Chemists 
Minimum 
Median 


Master Mechanics Maximum 


Minimum 


Median 


Maximum | 


$9,000 
~ 6,120 
$6,640 


4,210 4,860 
$7,400 
4,860 
6,000 


| $4,320 
3,424 


$8,600 
3,900 
5,900 
$6,450 


3,810 
3,930 


$4,800 
3,744 
4,728 


$4,950 
3,650 
4,660 


$4,525 
2,864 
3,350 


$4,142 
4,110 


$6,650 
2,950 
4,950 


$6,400 
3,000 
3,600 4,575 
$3,540 
2,860 
3,360 


$5,850 
3,630 
4,850 


$3,800 
3,500 


$4,098 
2,945 
3,525 


5,350 
3,200 
4,600 


| 
| 


Municipalities 

ee Total number of plants reported............. 
Be $0.26 | $1.12 | $0.37 | $0.55 | $0.38 
ie | 0.26 0.16 0.18 0.23 0.24 as 
0.26 0.47 0.34 0.34 
| 
| $6,500 | — $8,600 
| 4,500] - 5,220 

$6,230 | 6,000 
| 3,180 3,000 | — - 
3,700 | 4,337 
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TABLE VII.—Continued 
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Annual Salaries and Wages Pa N. Y. N. J Ohio coe 
Operator-Mechanics Maximum — $4,660 | $3,300 | $3,535 | $4,525 
Minimum — 3,000 3,300 3,030 2,640 
Median 2,906 4,393 3,300 3,415 3,245 
Operators Maximum | $3,455 | $3,594 | $3,000 | $3,535 | $3,725 
Minimum 2,535 2,900 2,700 2,700 2,334 
Median — 3,105 — 3,030 2,845 
Laboratory Technicians Maximum —_ $3,050 ~ $2,712 | $2,930 
Minimum — 2,160 — 2,195 2,400 
Median _— 2,590 — 2,465 2,450 
Laborers Maximum | $3,312 | $3,010 — $2,680 | $2,761 
Minimum 2,432 2,500 — 2,195 1,957 
Median _ 2,530 2,200 2,500 2,273 
Gardeners Maximum - $2,750 - $3,170 | $3,154 
Minimum 2,184 3,090 2,674 
Median 2,710 - 
Clerical and Accounting Maximum — $4,021 — $3,170 | $4,632 
Minimum — 1,920 —_— 1,870 2,254 
Median 2,452 3,910 _ 3,015 2,674 
Stenographic Maximum $3,720 $3,090 | $2,500 
Minimum 2,100 1,870 2,254 
Median — 2,500 3,030 2,280 
ter Pa N.Y N.J Cie | Seer 
Over 48 hours per week 0 0 0 0 
Over 40 but not over 48 hr. per week 2 0 2 1 
40 hours per week or less 0 8 0 5 
Plants granting overtime pay to salaried per- 
sonnel 0 0 0 
Plants granting sick leave with pay 2 8 2 6 
Plants granting vacations with pay 2 8 2 6 
Plants having retirement pension plans 2 8 1 6 


‘One municipality operates 4 plants, but 3 serve less than 100,000 people and so are listed in 
Another city operates 13 plants, 7 of which serve less than 100,000 and so are reported 


Table VI. 


elsewhere. 


* One municipality operates 3 plants, all of which serve less than 100,000 people and so are 


listed in Table VI. 
® Work weeks are nominal, not average. 
subject to call 24 hr. per day. 


median salaries in Pennsylvania were 
lower than in any of the other four 
geographical areas. Those in New 
Jersey were appreciably higher than 
in any other area. 

Table VI covers plants serving from 
10,000 to 100,000 people. The data 


again indicate that Pennsylvania per- 
sonnel are, in general, lower paid than 
those in the other geographical areas. 


In many instances, top executive personnel are 


Total annual per capita salary and 
wage costs in Pennsylvania were equal 
to those in Ohio, but lower than those 
in any of the three other areas. 

At only one of the 12 Pennsylvania 
plants did salaried personnel enjoy a 
40-hr. week, whereas 32 per cent of the 
New York and New Jersey plants had 
adopted the 40-hr. week plan. Again, 
Pennsylvania appears to be backward 
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in providing retirement pension plans; 
less than 17 per cent of these moder- 
ately sized Pennsylvania plants have 
such plans, whereas 81 per cent of 
similarly sized plants in the other geo- 
graphical areas have pension plans. 

When the salaries of the individual 
positions are compared, it appears that 
the superintendents of the moderate 
sized Pennsylvania plants are particu- 
larly underpaid. The same is also true, 
to a lesser extent, for the master me- 
chanics, laborers, and gardeners in the 
Pennsylvania plants. 

Because data obtained from 
only 22 plants serving more than 
100,000 people, comparisons on the 
basis of geographical areas may not 
be justified, but at least the data in 
Table VII indicate that, as far as the 
adoption of the 40-hr. week is con- 
cerned, Pennsylvania is lagging behind 
most of the other geographical areas. 
Again, the Pennsylvania master me- 
chanics appear to be underpaid, as are 
also the operator-mechanies. 


were 


Survey Conclusions 


As a result of this survey, the Com- 
mittee has come to the following con- 
clusions : 
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1. In general, the personnel of sew- 
age treatment plants in Pennsylvania 
are underpaid, required to work longer 
hours, and enjoy fewer pension benefits 
than do similar personnel in sewage 
treatment plants in surrounding states. 
This is particularly true of the small 
and moderate sized plants. 

2. Although the Committee recom- 
mends that the Association use its in- 
fluence to better the lot of the Pennsyl- 
vania sewage plant personnel, it does 
not believe that the adoption of a sched- 
ule of minimum salaries for the various 
classifications of sewage treatment per- 
sonnel would be of any particular value 
at this time. After the new formed 
Certification Board has established a 
definite set of requirements and quali- 
fications for certification of operators 
in different sizes and types of plants, 
the Association might then give care- 
ful consideration to the advisability of 
also recommending a minimum salary 
for holders of each type of certificate. 

3. Pending the establishment of a 
workable certification plan in Penn- 
sylvania, it is believed that the wide- 
spread circulation of the results of this 
survey, as above reported, will be of as 
much benefit to sewage treatment per- 
sonnel as anything else this Association 
could do at present. 


THE DAILY LOG 


New Britain, Conn. 


By Joun R. Szymanski, Superintendent 


March 17—St. Patrick’s Day, and 
spring is in the air! With the return 
of good weather we renewed our win- 
dow cleaning and equipment painting 
programs in hopes of advancing the 
schedule to the point where it will not 
interfere with summer chores later. 
Apparently the same idea motivated a 
visit by one of the State Health De- 
partment engineers, who came to make 
an inspection of our storm water and 
sanitary overflow outlet. 


March 28—The question of vacuum 
filter cloth economies has come up 
again. The cotton cloth now in use 
gives about 300 hr. of service and is not 
too expensive. However, a sales rep- 
resentative claims that nylon cloth will 
give 1,000 hr. of satisfactory operation. 
More detailed information on the use 
of nylon cloth for filter cover has been 
requested before deciding whether to 
change or not. 

March 31—The recent request to con- 
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vert to use of liquid rather than an- 
hydrous or erystal ferric chloride has 
set e¥eryone to thinking, as evidenced 
by visits and requests for advice on our 
use of the liquid form. 
April 6—Trouble inside and out! The 
City Counsel was requested to sue an 
individual who some time ago dam- 
aged the plant fence while driving un- 
der the influence of intoxicating liquors. 
Within the plant, trouble was ex- 
perienced with the secondary tank 
sludge wells, especially one well. A 
check revealed a 1%-in. hoze nozzle 
lodged in the 4-in. drawoff line. Re- 
moval of the nozzle allowed operations 
to be resumed satisfactorily. 
April 17—Today the annual spraying 
of the entire plant with a 25 per cent 
solution of D.D.T. was finished. The 
practice of spraying the plant walls 
and windows was instituted three years 
ago and has proven very satisfactory, 
especially during the hot, humid 
months of July and August, when mos- 
quitoes and moths are prevalent (not 
to mention the flies that usually congre- 
gate at sewage plants). A small com- 
pressor spray enables one man to spray 
the entire plant in three 8-hr. days. 
April 19—The hospitalization insur- 
ance representative convinced plant 
personnel that the prevalent surgical 
plan was worth having—100 per cent 
enrollment. We only wish that the 
plan could be extended to motors and 
equipment, as the armature on one of 
the supposedly watertight motors on 
the outside primary tanks burned out. 
The cause? A water condition! Need- 
less to say the entire armature had to 
be rewound. 
April 22—The State Health Depart- 
ment sampled the plant influent and 
effluent for a 12-hr. period. In general, 
everything showed normal spring op- 
erations with high flows and high 


solids (tons of grit and screenings). 
The Reeves Pulley Co., New York 
City, informed us that block-spliced 
vari-speed belts can be returned to the 
factory for repairs in most cases of 
We have already taken ad- 


tearing. 
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vantage of this, with a worth-while 
saving on the cost of the belt reclaimed. 
April 26——The incinerator began act- 
ing up by creating a smoke nuisance. 
Addition of new angle iron guides on 
the sludge feeder remedied the nuisance 
about 85 per cent. 

All supply contracts for the coming 
year have been executed and filed, to- 
vether with the necessary performance 
bonds furnished by the suppliers. 
April 30—Daylight Saving Time was 
put into effect, with the night crew 
working 7 hr. for an 8-hr. day. 

The primary tank collector chain was 
adjusted and one link was removed on 
each side. After three years of opera- 
tion the chains have stretched about 
6 in. 

May 1—Trials and tribulations of me- 
chanical plants! The automatic hoist 
in the lime room just up and stopped 
while suspended in the air next to the 
monorail and loaded. After much fuss, 
it was found that someone had acci- 
dentally thrown the master switch. 
May 5—This seemed to be a day for 
doing all the odds and ends. The semi- 
annual efficiency ratings for plant em- 
ployees were forwarded to the Civil 
Service Commission. Also, the account- 
ants were on hand to do the annual 
audit of the Sewage Disposal Commis- 
sion’s books. 

The first personal injury accident in 
quite some time occurred when one of 
the junior operators skidded on a wet 
concrete floor and hurt his back. 

May 8—The incinerator was shut 
down for general repairs. During the 
shutdown filter cake is to be by-passed 
to the truck for hauling to the east 
field dump site. 

May 18—Necessary repairs to the in- 
cinerator include replacement of 11 
bricks in No. 1 hearth, installation of 
complete new No. 3 hearth, installation 
of new burner boxes in No. 2 and No. 
4 hearths, insulation of all rabble arms 
in the upper four hearths, and relining 
of the hot gas duct to the stack. 

Completed the annual report for the 
fiscal year under the severe handicap 
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of having all sorts of supply salesmen 
coming in. Sometimes we go along for 
weeks before anyone drops in to say 
‘*Hello,’’ but an annual report session 
seems to attract them like flies to a 
honey pot. 

May 19 — Holiday routine — which 
means that the usual unexpected hap- 
pened. A 114-in. valve on the effluent- 
water system let go, flooding everything 
until the entire tank was 
emptied. This won’t happen again, as 
we immediately installed two safety 
valves adjacent to the storage tank. 
May 27—Mailed five copies of the 
annual report to the Federation office 
as entry for the Hatfield Award. It 


storage 
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have ‘‘fathered’’ a 
winner again. [This report subse- 
quently won a ‘‘previous winner’s’’ 
award.—Ed. | 
June 10—The incinerator was placed 
back in operation again, with all 
hearths, ducts, burner boxes, and 
rabble arms in A-1 condition. Both 
lime pumps have just been completely 
overhauled, as the use of prestolime 
caused undue abrasiveness and shorter 
life of parts on these pumps than 
should normally be expected. Now, 
however, everything’s running smoothly 
again and we have a chance to take a 
deep breath. Maybe it’s the spring 
air, but it’s wonderful! 


would be niee to 


CAUTIONS IN GREASE EXTRACTION 
WITH ETHER 


By FRANK 


Senior Chemist, Southerly Sewage 


The average laboratory worker knows 
of the hazards of ether vapor in work- 
ing on grease extractions, but hardly 
one realizes the extreme danger of the 
ether peroxides that may be present in 
old ether. The following is a copy of a 
report to the superintendent of the 
Cleveland Southerly plant by one who 
now knows of this danger: 


“At about 1:30 p.m. on January 30, 1951, 
I had finished with the grease extraction 
from the plant’s vacuum filter cake, using 
diethyl ether as the extracting solvent. Us- 
ing all the precautions in working with di- 
ethyl ether, I allowed about 1 em. of ex- 
traction solvent to remain in the extraction 
flask. Knowing of the danger of an open 
flame in the vicinity of diethyl ether vapor, 
I tried drying the grease sample on the hot 
water radiator and later over boiling water, 
which had been removed from the source of 
heating. After this treatment, thinking that 
all traces of diethyl ether had been removed, 
I considered the sample safe to be put into 
the drying oven to be dried for weighing. 
The sample had been in the drying oven no 
more than 5 min. when a power failure oc- 
curred, shutting off the electricity to the 
laboratory. As the temperature in the dry- 


D. TYLIckKi 


Treatment Plant, Cleveland, Ohio 


ing oven began to drop, I removed the 
sample and hoped to finish the drying on 
hot asbestos wire gauze. The drying oven 
had the moisture in the 
sample, so I thought it would not require too 
much heating. Heating an asbestos wire 
gauze with an open flame until it was 102° 
C., I turned the gas flame off and placed the 
sample upon the hot gauze. An immediate 
violent boiling occurred, that resulted in a 
violent explosion, causing multiple lacera- 
tions to my face and hands and also break- 
ing my glasses. 

Investigation of the cause of the explo- 
sion disclosed that the diethyl ether I had 
been using was at least two years old. 
Atmospheric oxygen will combine with di- 
ethyl ether, forming the very explosive di- 
hydroxydiethyl peroxide. A test with po- 
tassium iodide showed that our diethyl ether 
was heavily contaminated with dihydroxydi- 
ethyl peroxide.” 


removed most of 


As a hint to others who may suspect 


similar peroxide troubles with old 
ether, the peroxides may be destroyed 
by the addition of some easily oxidized 
substanee,: such as sodium sulfite, or 
some reducing agents, such as copper 
wire or tannic acid. 
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CALCULATION OF GAS PRODUCTION 


CALCULATION OF GAS PRODUCTION 
By N. E. 


Senior Public Health Engineer, Division of Engineering and Sanitation, 
State Department of Health, Seattle, Wash. 


In its short schools and on-the-job 
training programs the Sanitary Engi- 
neering Section, Division of Engineer- 
ing and Sanitation, Washington State 
Department of Health, is attempting to 
get sewage treatment plant operators to 
use a simple graph for the purpose of 
anticipating digester gas production. 
The information is presented here to 
stimulate comment and to encourage 
others to try this simplified method of 
theoretical gas production calculation. 

The basic theory of the method has 
been adapted from Imhoff and Fair 
(1) by neglecting the effects of sec- 
ondary sludges. However, proper in- 
terpretation of a solids test requires 
consideration of the method of sam- 
pling. It is seldom sufficient to rely on 
the results of a single (grab) sample. 
Samples for total and volatile solids 
analysis should be composited every 
minute during the raw sludge pumping 
and during a reasonable period of re- 
circulation for digested sludge. 


Volatile Reduction 
If solids analyses of a particular di- 
gestion system showed the raw sludge 
as having 25 per cent ash and 75 per 
cent volatile and the digested sludge as 
having 60 per cent ash and 40 per cent 


volatile, the reduction in volatile matter 
during digestion would be as repre- 
sented in Figure 1, in which it is as- 
sumed that 25 per cent of the volatile 
matter is converted to ash. By letting 
Z represent the volatile matter reduced, 
RA the raw ash, RV the raw volatile, 
DA the digested ash, and DV the di- 
gested volatile, the same reduction can 
be computed as follows: 


1=RA+DV (1—Z+0.25Z2) +Z 
or 

1= 0.25 + 0.40 (1-7 +4+0.257) 
from which Z = 0.50 and 


Z 
Reduction in Vol. Matter = RV 
“cue 0.666, or 66.6% 
= 075 .666, or 66.0%. 


Even this simple calculation is elimi- 
nated by the use of Figure 2. To use 
the graph it is only necessary to know 
the ash percentage of the raw and di- 
gested sludges, find the intersection 
point, and read the percentage volatile 
solids reduction directly. 


Gas Production 


In calculating the amount of gas pro- 
duction in a heated digester, it is im- 


Raw Digested 
Ash 0,2 0.2 
{ _____| 0.60 7 Aen 
Willa 
| 9.40 |$voratiie 
Volatile 0.75 VL 
z 


FIGURE 1.—Diagrammatic representation of volatile solids reduction in 
illustrative example. 
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FIGURE 2.—Graph for easy calculation of volatile solids reduction by digestion. 


possible to rely on pump discharge as 
a method of computing the quantity of 
sludge pumped to a digester. There- 
fore, in developing the simplified meth- 
od, plants have been used where the 
sludge 
measured volumetrically. 


actual quantities of ean be 

With good sludge analyses available, 
the expected gas production can be 
calculated as shown in the following 
example. It should be noted that in 
running total solids and volatile solids 
tests it is advisable to use greater ac- 
curacy than given in ‘‘Standard Meth- 
(2); that is, 
should 


ods”’ sludge samples 
weighed to the nearest milli- 
gram, instead of to the nearest 0.1 
gram. 
Total solids in raw sludge, 
4 per cent; sludge pumped, 500 g.p.d.; 
sludge analyses, as previously given. 
Gas production = (Lb. Vol. Sol. 
Added) X (Red. in Vol. Matter) 
(Gas Produced per Lb. Vol. Matter De- 


stroyed) = (0.04 x 0.75 x 500 x 8.34) 


Example 


(0.66) X (18.8) = 
day. 

Where this method of caleulating 
gas production has been checked, it has 
been found to be accurate within per- 
missible limits. Several plants in the 
state do not check the method, but in 
each sludge quantity and 
proper compositing of the samples is in 
question, 


1,560 eu. ft. per 


case the 


Use of Results 
The method described is valuable in 
locating troublesome operating condi- 
tions, particularly those decreasing gas 
production, as follows: 


1. Gas leaks in digester or gas equip- 
ment. 

2. Poor mixing or seeding. 

3. Acid decomposition in the elari- 
fiers. 


Of course, it is assumed that the di- 
gester is maintained at the proper tem- 
perature, pH, and alkalinity. 
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Practical Appreciation 


Something new in the way of tan- 
vible evidence of appreciation for the 
results accomplished was presented to 
nine Illinois operators at the 16th An- 
nual Illinois Sewage Works Operators’ 
Conference, held at Springfield, IIL.. 
March 29-80, 1951. The donor in this 
instance was the Illinois Federation of 
Sportsmen’s Clubs, whose Pollution 
Abatement Committee chairman, S. H. 
Sundberg, felt it was time that out- 
standing plant operators got some rec- 
ognition for their protection of fish life 
instead of just being ignored. 

The tangible evidenee  ineluded 
more than the usual certificate, as each 
recipient also was presented with a 
year’s membership in the Central 
States Sewage and Industrial Wastes 
Association. Each membership, of 
course, carries a year’s subscription to 
Tuts JOURNAL by reason of CSSIWA 
affiliation with the Federation. 

Those receiving the awards were: 

Hill, superintendent, Dixon; 
Arbogast, operator, Naperville; 
Panzica, superintendent, Peru; 
=. T. Peterson, superintendent, West 
Dundee; W. Greer, operator, Rushville ; 
W. Settles, operator, White Hall; B. 
McEvan, operator, Carterville; J. 
Wisnewski, operator, Freeburg; and R. 
Rosborg, operator, Hoopeston. 

In several instances the recipients 
are from small plants, where operating 
budgets and salaries often are insuffi- 
cient to cover membership expense. 
Here, then, is a way of expressing ap- 
preciation for a job well done and at 
the same time giving the operator a 
lift toward self-improvement. We could 
hope that more sportsmen’s organiza- 
tions would recognize operator merit by 


sponsoring such membership presenta- 
tions. 


Recommended Reading 


Practically every phase of civil de- 
fense planning involving public works 
officials is covered in a special issue of 
Public Works (April, 1951) devoted to 
the subject. Topics specifically covered 
in major articles included problems and 
scope of community disaster planning, 
equipment and personnel requirements 
and training, debris cleanup, emer- 
vency housing, water supply protection 
and system repairs, traftie control, sew- 
age treatment problems and solutions, 
insect and rodent control, and protec- 
tion against sabotage. 

As members of the municipal ‘‘offi- 
cial family,’’ plant superintendents and 
operators will find the material es- 
pecially helpful in defining their spe- 
cific duties in local organizations and 
their relation to the over-all pattern of 
civil defense. 


Vacuum Filter Improvements 


Vexing little troubles with the 
vacuum filters as originally installed 
at the Radnor-Haverford sewage treat- 
ment plant at Upper Darby, Pa., have 
been overcome. <A few fairly simple 
changes in the equipment made con- 
siderable difference in its operation and 
the results obtained, according to Su- 
perintendent Paul N. Longley. 

All the filter equipment—ineluding 
vacuum pumps, compressors, sludge 
pumps, filters, filtrate pumps, and fil- 
trate receivers— was originally installed 
in duplicate. However, the two filters 
could not be used simultaneously be- 
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cause the discharge pipe from the fil- 
trate pumps was too small to carry the 
filtrate from even one filter. This re- 
sulted in flooding of the filtrate re- 
ceivers and backing up of the filtrate 
into the vacuum pumps. The condition 
was corrected by connecting a 11%-in. 
aluminum discharge pipe from each of 
the filtrate pumps to a conerete sump 
outside the building, from which the 
filtrate flows by gravity back to the 
screen chamber. 

Another difficulty was oceasioned by 
the location of the air intake screens on 
the compressors. The screens were 
about 2 ft. above the compressors, 
where they quickly were clogged with 
lime dust. Moving the intakes to the 
outside air by cutting through the wall 
and installing simple ducts eliminated 
this source of trouble. 

The steel scraper blades on the 
vacuum filters would corrode through 
in about one year, due to the action of 
the ferric chloride sludge conditioner. 
An entire scraper assembly made of 
aluminum and substituted for the steel 
one four years ago still shows no signs 
of corrosion. 

Not many operators would think of 
using a vacuum filter as a cure for di- 
gester foaming, but that’s just what 
Superintendent Longley did. In the 
early spring of 1949, four of the plant 
digesters foamed badly. Bag after bag 
of lime was poured into them with very 
slight results. Then the idea was hit 
upon of using the vacuum filtrate, 
which has a pH value of 10.5 to 11.0. 
In three days the foaming had stopped. 
In 1950, when foaming started, the fil- 
trate was again used instead of lime. 
with the same good results. 


Rags and Riches Department 


Although most of those attending the 
1950 Annual Meeting of the California 
Sewage Works Association regarded 
one speaker’s remarks about findings 
in the sewer and plant units as ‘‘tall’’ 
stories, at least two have come to realize 
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that he wasn’t stretching the truth one 
bit. 

A short time ago James Roach, of the 
Menlo Park (Calif.) Sanitary District 
plant, while rodding out a 6-in. line, 
found a diamond, purportedly genuine. 
But it remained for Cedric Webster, 
superintendent of the same district, to 
come up with a 4-ft. by 6-ft. rug from 
one of the outfall sewers. The final 
disposition of the rug is unknown, but 
it should make a good mat for the 
floor of the control building! 


Laxative for Filters? 


A new product to control the forma- 
tion of slime in industrial cooling wa- 
ters has been announced by Monsanto 
Chemical Company. The _ product, 
Santophen 45, a technical grade of 
sodium trichlorophenate, is claimed to 
have been shown highly effective 
against bacteria and algae in labora- 
tory tests and field trials. 

Although the developers only an- 
nounce the material’s availability in 
experimental quantities for slime con- 
trol in industrial cooling-water appli- 
cations, the test data seem to indicate 
that it may possibly have some useful- 
ness in reducing pooling in trickling 
filters under certain conditions. For 
instance, where chronic pooling is due 
to excessive filter growth on undersized 
or spalling media, light shock dosage 
with the new product may cause slough- 
ing sufficient to open the media and 
relieve the pooling condition. 

If the possibilities of our daydream 
seem inviting, more information on the 
chemical and physical properties of the 
product, plus test data and informa- 
tion on its use, can be obtained by 
writing the Monsanto Chemical Co., 
Organie Chemicals Div., St. Louis 4, 
Mo., for Technical Bulletin No. 0-76. 


No Cause for Hurry 
Keen competition exists among IIli- 
nois sewage treatment plant operators 
for three trophies annually awarded by 
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the Illinois Sewage Works Operators 
Conference. Sponsored in each ease by 
an individual sanitary district in mem- 
ory of an outstanding man who has 
served the district in the past, the 
Fred Simms Memorial Trophy (De 
Kalb Sanitary District) is given for the 
best operating report; the Everett E. 
Smith Memorial Trophy (Elgin Sani- 
tary District), for the best operated 
plant; and the Harry E. Wilson Me- 
morial Trophy (Bloomington-Normal 
Sanitary District), for the best main- 
tained plant and grounds. Recipients 
of the awards at the 1951 Annual Con- 
ference, held at Springfield, [ll., March 
29-30, 1951, were as follows: 


Operating report—F. E. Peterson, 
superintendent, Belvidere. 

Plant operation—J. E. Meers, chem- 
ist, Danville. 

Plant maintenanece—Clifford Craig, 
superintendent, Pontiac. 


Because the trophies are ‘‘travel- 
ling’? ones, permanent recognition, in 
the form of a small plaque, had been 
promised past recipients by State Sani- 
tary Water Board officials. However, 
until the 1951 meeting no plaques had 
been forthcoming. When awarded, 
however, the delay in delivery of the 
plaques was explained as having been 
due to the painstaking care with which 
the workmanship had been executed by 
the maker, to whom time was no ob- 
ject. In fact, he had 30 years of it 
coming in the Southern Illinois State 
Penitentiary ! 


Arboreal Advice 


Some pertinent advice on trees was 
given by E. E. Nuutilla, state forester, 
Department of Conservation, during a 
panel discussion on ‘‘Landscaping of 
Sewage Treatment Plants’’ at the 1950 
Annual Illinois Operators’ Conference. 
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As reported in a recent issue of The 
Digester, Mr. Nuutilla said: 


“Trees should be used to soften harsh 
building lines, or accentuate horizontal and 
vertical lines, or frame a building. It pays 
to do a lot of planning ahead of time, as 
it is much easier to move trees on paper 
than after they are actually planted. Soil 
conditions should be considered, especially 
around fairly new exeavations. Consider 
also the full-grown tree size and overhead 
obstructions; topped trees are not satis- 
factory. . . . In smoke and soot areas use 
Norway maple, hackberry, Asiatic horse 
chestnut (Ginkgo), white ash, sycamore, 
and lindens, which seem to be tolerant to 
smoke and soot. Don’t plant sugar maple, 
honey locust, pin oak, searlet oak, sweet 
gum, or black gum. The female Ginkgo 
fruit has a bad odor, so specify male trees. 

. . Silver maples are not recommended 
beeause they break in storms. Box elders 
make rapid growth, but are unsightly. 
Lombardy poplars grow rapidly, but the 
roots are especially bad sewer cloggers. 
Elm diseases ban that variety until a re- 
sistant type is introduced. Syeamores 
need plenty of room, as they become big 
trees. The flowering trees—dogwood, red- 
bud, magnolia, cherry, flaming crabapple, 
hawthorne—should not be overlooked.” 


Another important item of sewage 
plant landscaping discussed was cover 
for embankments too steep for con- 
venient mowing of grass. The sugges- 
tions of the experts included peri- 
winkle, myrtle, matrimony vine, coral 
berry, pachysandra, and Japanese 
spurge, all low-growing vines with 
good root growth to hold the soil in 
place. 


Fur-Bearing Filter 

Enterprising racoons recently solved 
their own housing shortage problem 
by inhabiting the underdrainage sys- 
tem of the trickling filter at the Sheri- 
dan (Ill.) School for Boys. Not bad, 
considering a cozy rent-free apartment 
with heat, running water, and a pri- 
vate entrance! 
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Editorial 


CIVIL DEFENSE RESPONSIBILITIES 


The confused international  situa- 
tion, made more so by the conflicting 
observations of ‘‘informed 
has been giving the national civil de- 
fense program a hard time. The sea- 
board states and large metropolitan 
their vulner- 
ability and are receptive to emergency 
planning, but the attitude of the na- 
tion as a whole is much too casual if 
there is real danger. A national con- 
ference sponsored by the federal Civil 
Defense Administration at Washine- 
May 7-8 had for its 
nation-wide erusade against 
toward protecting the home 
front against atomic attack. 

Civil 
policy in 


sources,’ 


areas are conscious of 


ton on basie 
aim ‘‘a 
apathy’ 
defense is like an insurance 
that 
against a catastrophe that we hope will 
not take place. The simple fact that 
it is possible for our nation to be sub- 
jected to enemy bombing is enough to 
justify the guarding of lives, resources, 
and property. Defense planning is 
therefore a responsibility to be under- 
taken most seriously and energetieally, 
not just in those regions believed to 
be prime targets, but ,all across the 
country. If there is‘ bombing, the 
ramifications of it will be manifest far 
bevond the limits of the blast. 
Municipal sewage works personnel 
trained and experienced in main- 
taining service in spite of all emer- 
vencies—are ideally fitted for duty in 
the working elements of the local civil 
defense structure. They are obliged, 
of course, to anticipate 
situations in the sewage collection and 
treatment but their knowl 
edge, abilities, and equipment should 
also be made available for other fune 
tions that are necessary in the event 


it is sound protection 


emergenes 


systems, 


of a disaster. It is urged that such 
services be volunteered wherever thev 
have not been fully utilized in the 
local organization. Most sewage works 
superintendents and their staffs are 
already engaged upon important civil 
defense and 
many other sanitary engineers have 
accepted leadership responsibilities at 
the state and local levels. 

It is not feasible here to discuss the 
details of the emergeney operations 
that entailed by an atom 
bomb attack. Probably the best prac- 
tical review of these problems at pres- 


planning assignments, 


would be 


ent available is the collection of spe- 
cial articles in the April, 1951, issue 
of Public Works magazine. Admin- 
istrative, organizational, engi- 
aspects are here, as 
well as specific procedures for traffic 
control, temporary housing and shel- 
ters, communications, water supply, 
and general sanitation. 
Various other bulletins emphasizing 
the effects of atomic weapons are avail- 
able through the Civil Defense <Ad- 
ministration. This material is recom- 
mended reading. 

No one wants to think of another 
war, and especially of the loss of life 
and the destruction that it might 
bring to our own communities. But 
since it could happen we had better be 
thinking about it—and realistically. 
Preparedness against a threat is never 
an action to be regretted, whether or 
not there is ever a need for such safe- 
vuards to be used. It will be wise for 
us to put the ‘‘insurance’’ in 
as broadly and effectively as we can, 


neering covered 


sewerage, 


force, 


even as we hope that there will never 
‘*elaim.’’ 


be oceasion for a 
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Reviews and Abstracts* 


Tolerance of Sulfate-Reducing Bacteria to 
Hydrogen Sulfide. By Lawrence P. 
Mitier. Contrib., Boyce Thompson 
Inst., 16, 3, 73 (1950). 

A maximum of 2,500 p.p.m. of H.S can 
be produced by sulfate-splitting bacteria 
under optimum cultural conditions. The 
question is raised, in view of toxicity of 
H.S to most forms of life, whether this 
maximum is determined by the sensitivity 
of these organisms to H.S or by some 
other factor. 

Experiments showed that exposure of 
cultures of sulfate-splitting organisms to 
concentrations up to 2,700 p.p.m. of H.S 
sulfide up to 22 hr. had no deleterious 
effect on subsequent HS production upon 
transfer to the new medium. This experi- 
ment shows that bacteria in cultures 
vielding relatively low concentrations of 
H.S are not sensitive to considerably 
larger amounts of this gas, but does not 
offer an explanation to the cause of cessa- 
tion of further sulfide production. 

Removal of H.S from the culture 
resulted in a further production of the gas, 
indicating that the presence of H,S in the 
cultures is a deterrent to further produc- 
tion. This was accomplished either by 
absorbing the sulfide in the medium by 
zine acetate placed in the side arm of the 
Thunberg tubes or by the addition of 
ferrous sulfate or cadmium carbonate to 
the culture to precipitate the H.S produced 
as insoluble sulfides. 

The age of the culture also has an effect 
on the rate of H,S production. The most 
rapid development took place when the 
culture from which the inoculum was 
taken was about two days old. A more 
or less regular decline in vigor was evident 
as the age of inoculum increased from 
about 3 days to 20 days, with no evidence 
for any further decline up to 50 days. 
When over 50 days old, a certain percent- 
age of cultures lose viability entirely. 


Survival rates are considerably higher 
when the cultures are held at 0.5° rather 
than at 30° C. 

H. HevkeLeKkiaNn 


Formation of Metal Sulfides Through the 
Activities of Sulfate-Reducing Bacteria. 
By Lawrence P. Miter. Contrib., 
Boyce Thompson Inst., 16, 3, 85 (1950). 
The addition of metallic salts of anti- 

mony, bismuth, cobalt, cadmium, iron, 

lead, nickel, and zine to culture medium 
inoculated with sulfate-splitting organ- 
isms showed that growth occurred and the 
corresponding sulfides of all the metals 
were formed with the exception of copper. 
Development took place more readily in 
the presence of compounds of cadmium, 
iron, antimony, bismuth, and lead, some- 
what less so with cobalt and zine, and 
least readily in the presence of nickel 
compound. In general the quantity of 
sulfide produced was greater when in- 
soluble sulfides were precipitated. Al- 
though the metal compounds added were 
relatively insoluble in the media used, 

H.S was removed fairly efficiently. The 

results suggest the possibility that deposits 

of metal sulfides may have been the 
consequence of bacterial origin. 
H. HEUKELEKIAN 


Sewerage and Sewage Treatment in the 
Future: A Preview. By W. FILuNc- 
HAM Brown. Surveyor, p. 39 (Jan. 19, 
1951). 

This article indirectly reflects general 
thoughts derived from the author’s recent 
visit in the United States. The author’s 
notion is that the keynote of future 
developments in sewage treatment is 
increase in efficiency of well-established 
processes and utilization instead of mere 
disposal of sewage, especially of sewage 
sludge. Unfortunately, he does not tell 
how to accomplish his thesis. He also 
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believes (from the British standpoint) 
that more use will be made of mechanical 
equipment. Industrial wastes are also 
a problem to be met, particularly gas 
works, liquor, and radioactive wastes. 
LANGDON PEARSE 


Sterilization of Sewage Sludges. By 
Paut Pub. Health (So. 
Africa), 15, 1, 11 (1951). 

In South Africa digested and 
sewage sludge is being used as ferti- 
lizing material under the assumption 
that parasitic ova and cysts have been 
rendered non-viable. It has recently been 
established that this assumption is not 
correct in respect to helminth ova and 
that there is a risk in the indiscriminate 
use of digested dried sludge on vegetables. 

The present study is restricted to the 
ova of Ascaris lumbricoides because the 
ova of this nematode are known to be the 
most resistant of all the parasitie ova 
and cysts. 

A survey of the numbers of the ova of 
this parasite in raw and digested sludges 
from two disposal works at Johannesburg 
indicated that the organisms are not 
materially destroyed by digestion. It 
appears that Ascaris ova have the extra- 
ordinary power of resistance to changes 
in temperature, moisture concentration, 
chemical influences, and sewage treatment. 
The temperature required for active 
development of the ova varies from 7° to 
38° C. The development is retarded or 
suppressed if the D.O. saturation drops 
below 50 per cent. The moisture require- 
ment for active development is 80 per 
cent ‘relative humidity. Under unfavor- 
able oxygen and moisture conditions 
further development of the ova is delayed 
but not finally suppressed. The thermal 
death point of the ova is between 50° and 
55° C, 

Thermophilic digestion at 53° to 54° C. 
of sewage sludge with thermophilic seed 
sludge and daily feeding showed that 
there were no viable Ascaris ova in the 
sludge withdrawn during the 100-day 
period of the experiment. It was con- 
cluded that 24-hr. exposure of Ascaris 
ova to a temperature of 53° to 54° C. 
resulted in their complete inactivation 
and that this was the direct result of 
temperature of exposure and not of 
digestion. Accordingly, raw, digested, 
and dried sludge were exposed to 55° C. 


dried 
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for various periods of time. It was found 
that 2-hr. exposure to this temperature 
was sufficient in all instances to effect a 
100 per cent destruction or inactivation of 
Ascaris ova. 

H. HEUKELEKIAN 


Diurnal Variation in the Dissolved Oxy- 
gen Content of Polluted Water. By 
A. R. Srone ann W. E. Assorrt. 
Water and San. Eng., 1, 10, 334 (1951). 


The production of oxygen by green 
organisms in the daylight period generally 
exceeds the consumption of oxygen during 
the darkness. The exception noted is 
when a large proportion of sewage is 
present, which condition permits the 
dissolved oxygen to disappear completely 
during both daylight and darkness for a 
period of a day or two. The dilution of 
sewage (not stated) would affect the 
length of time the dissolved oxygen would 
be absent. 

H. HeEUKELEKIAN 


Automatic Devices Protect Aeration Sys- 
tem for Philadelphia Sewage Works. 
By R. Granvinetti. Civil Eng., 
21, 1, 48 (Jan., 1951). 

This article describes the system of 
colored and flashing lights, controls, and de- 
vices designed to protect four blowers with 
total capacity of 49,000 c.f.m. against over- 
load, power failure, oil pressure failure, etc. 
Regulatory equipment makes it impossible 
to start the blowers unless several opera- 
tions are first completed, and quick-oper- 
ating butterfly valves on the suction 
automatically close if the motor fails or 
when the unit is stopped, preventing 
reverse flow due to discharge from the 
other blowers. Also described is the 
design and operation of valves and meters 
on the blower intake and filter system, 
and the air conditioning to control 
temperature and eliminate dust in the 
blower and motor room. 

Wm. A. HaAsFURTHER 


Protecting Public Waters from Pollution 


in the U.S.S.R. By Treopor KirKor. 

Gaz, Woda i Tech. Sanit. (Polish), 24, 

394 (Nov., 1950). 

After a brief historical review of the 
development of sewage treatment in the 
U.S.S.R., the author cites various regula- 
tions in effect to control the discharge of 
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wastes to streams and for the construction noted may be reduced by a factor of 1.5. 
of treatment plants in industrial estab- If four diffusion nozzles are provided for 
lishments. Standards are noted which discharge of the waste the values in the 
industry must meet before wastes are table may be reduced by an additional 
discharged to public water courses. The factor of 3. The detectable concentra- 
author also discussed the techniques used 
in classifying streams. Other factors dis- 
cussed are the dilution required, effect of 
mixing, suspended solids, odors, tastes, 
color, oxygen requirements, limiting con- Toxic substances are discharged only 
centrations of toxic substances, and patho- ‘ 

genie organisms. Table I gives the where economical methods have not been 
standards for the discharge of industrial found for the treatment of wastes contain- 
wastes to public water courses. Table II i these substances. The values given in 
shows the time required for complete Table IV are maximum concentrations 
mixing, the values obtained being based after dilution and are permissible only if 
on a study of 23 streams. If discharge the concentrations do not prohibit use 
takes place in the main channel, times of the water for domestic and industrial 


tions of specific substances are given in 
Table III and should be reduced by a 
factor of 2 or 3 because of incomplete 
mixing. 


TABLE I.—Standards for the a of Industrial Wastes to Public Water Courses 


Stream Classification 


Type of Used as source of water supply | Used as a source of water by un- | Sections located in the center 
Pollution and located in the 2nd zone of | organized groups, as water for | built-up areas, but not used for 
protection or adjacent to a | domestic or industrial purposes | domestic purposes, but for wide- 
state fish hatchery. or food establishment, a sec- | spread bathing and artistic uses 
tions with larger spawning areas. | (fountains, etc.) and used for fish 
culture or located on streams 
j used as passages for fish to 

| spawning areas. 


Suspended | After mixing, the suspended solids content should not exceed 
solids 
0.25 mg. /1. 0.75 mg./1. 1.5 mg./I. 


Remark: In receiving streams carrying more than 30 mg./I. natural suspended 
matter and during the period when wastes are discharged during high water or 
during accidental discharges, when it is impossible to obtain the required levels 
by ordinary means, the conditions under which wastes may be discharged shall 
be set up by the State Sanitary lanpoction Service. 


Tastes and | After dilution, no taste or odor hand 1 be detects able i in the waste itself or afte 7 
odors chlorination. 


Dies. oxygen | After mixing, wastes not the stream D. 0. to a below 
4 mg./l. per day during the summer season. 


B.O.D., 5-day 2 mg./I. | 4 mg. /l. | No value established 


Wastes should not lower pH below 6.5 or increase pH above 8.5 


Mixing the wastes with distilled water, on the same basis that the wastes will be 
diluted in the stream, no visible color should be noticeable in a depth of liquid of 


20 cm. 10 em. 5 em. 


Pathogenic | Wastes which may contain pathogenic organisms (from slaughterhouses, tanneries, 
organisms | leather factories, hair or wool washing, biological factories, etc., and any of their 
manufacturers): 


Discharge prohibited Before discharge and after primary clarification the 
wastes should be chlorinated. 
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Time, in Hours, Required for Complete Mixing of Wastes in Stream 


with Concentrated Discharge along the Shore 


Ratio of Stream Flow 
to Sewage Flow 


1:1 to 5:1 
5:1 to 25:1 
25:1 to 125:1 
125:1 to 600:1 
Above 600: 1 


TABLE III.—Minimum Detectable 
Concentrations of Specific 
Substances 
Substance Conc. (mg. 
Camphor 
Picric acid 0.5 to 1.0 
HS 0.5 
Petroleum, refined 1.0 to 2.0 
Benzine 0.5 to 1.0 
Petroleum, raw 0.1 to 0.5 
Phenol 20.0 to 30.0 
Chlorophenol 0.02 to 0.005 


TABLE IV.—Maximum Permissible 
Concentrations of Toxic 
Elements 
Substance Cone. (mg. /1 
Lead 0.1 
Mercury 0.005 
Cadmium 0.1 
Copper 0.2 
Nickel 1.0 
Zine 0.0! 
Fluoride 1.0 
Cyanides 0.2 
Arsenic 0.1 
Carbon disulfide 1.0 


‘Or the amount that may be absorbed by 
water in 5 min. 


purposes and have no deleterious effect on 
the normal flora and fauna. 

The effects of self-purification should be 
considered as a portion of the waste 
treatment process, as treatment takes 
place at no cost. Therefore, each stream 
should be analyzed to determine its 
self-purification capacity. As) much 
material as possible should be recovered 
from the wastes prior to discharge. 

Conrapb P. Straus 


Sanitary Survey of the Kamienna River. 
By IRENA CABEJSZEK AND STANISLAW 
WetopEk. Gaz, Woda i Tech. Sanit. 
(Polish), 24, 356 (Oct., 1950). 


Flow in Stream (cu.m. /sec.) 
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made of the 
Kamienna River, which serves as a source 
of water supply for several industrial 
establishments and municipalities and as 
an outlet for domestic industrial 

Samples were collected in May, 
and October, 1949, for physical, 
bacteriological, and biological 
Data for 16 sampling points 
along the river and 21 sampling points on 
outlets from industrial establishments, 
sewage disposal plants, and municipal 
included. In its upper reaches 
the river is not polluted, but pollution 
Most 
pollution is attributed to the discharge into 
the Szewnianka River, a tributary to the 
Kamienna, of large volumes of unsatis- 
factorily treated domestic sewage and 
waste waters from a sugar mill. It was 
pointed out that pollution was so great 
that no animal organisms were found in 
biological samples. Below the confluence 
of the two rivers relatively heavy pollution 
is indicated. The D.O. content fell to 
about 60 per cent of saturation, whereas 
in the Szewnianka River it fell to 3 to 15 
per cent. In conclusion, the authors state 
that pollution should be eliminated from 
the river, that the existing sewage treat- 
ment plants should be operated more 
satisfactorily, and that a separate and 
more complete survey should be made of 
the Szewnianka River, as it is the major 
contributor of pollution. 

Conrap P. Straus 


A sanitary survey was 
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increases as one goes downstream. 


Suspended Solids Removed from Sewage 


by Mechanical Methods. By W. Viv- 

CENT Barry. Civil Eng., 20, 10, 41 

(Oct., 1950). 

Three 4.5-m.g.d. Clariflocculators are 
being built at New Haven, Conn., on the 


basis of laboratory-scale tests, which 
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showed solids reductions of 8 to 10 per 
cent greater than was being obtained by 
conventional primary tanks. The opera- 
tion of the new units is described. 


Wa. A. HAsrurTHER 


Effect of Geographical Factors on the 
Widespread Agricultural Use of Sewage. 
By Jan Wrerzpickt. Gaz, Woda i 
Tech. Sanit. (Polish), 24, 407 (Nov., 
1950). 

The author states that surface irrigation 
was not feasible in England because of 
the soil, large concentrations of population, 
etc., but that originally the method was 
used with some success. The loadings 
reported amounted to 60 persons per 
hectare per year and gave good results. 
Because English sewages were more dilute 
and contained industrial wastes they 
were not as satisfactory for fertilizer use 
as are central European sewages. Besides, 
there was no need for irrigation in England 
because of the relatively high annual 
rainfall (41.4 in.). In central Europe the 
rainfall is inadequate, soils are more 
drainable, and the sewage, being stronger, 
contains more positive amounts of fer- 
tilizing agents (90 g. total N, 60 g. K,O, 
and 20 g. P.O; per cubic meter of sewage). 
As a result, sewage irrigation developed 
rapidly. In the U. 8S. large water use, 
unsuitable soil types, relatively high 
annual rainfall (about 40 in. per year), 
and the high cost of maintenance (man- 
power) militated against the use of irriga- 
tion fields. This is not true in the 
western states, where high temperatures 
and low rainfall during the growing 
season favor irrigation with clean water 
or sewage. (It is reported that 267 small 
towns in the west are using irrigation 
fields.) In Russia two new fields were 
started in 1948, one of 1,500 hectares 
below Odessa and the other of 5,000 
hectares located on the left bank of the 
Dnieper River will use the sewage of 
Dniepropietrowsk. In Poland, where 
about 70 per cent of the soil is porous, and 
particularly in areas around Bydgoszcz, 
Lé6dz, and Poznan where the mean annual 
rainfall amounts to 18 to 20 in., sewage 
irrigation has excellent potentialities. In 
colder areas sewage irrigation is made more 
difficult in that it may be necessary to 
provide dual disposal—sewage irrigation 
during the growing season and sand 
filtration or biological treatment during 
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the remainder of the year. The feasibility 
of certain installations is determined by 
the distance of pumping and the pumping 
head. Even though it has been reported 
that sewage may be pumped 30 km. for 
irrigation purposes, the process is favored 
where gravity flow can be utilized. Of 31 
sewage irrigation installations in Poland, 
17 are in operation and 14 are inoperable 
because of war damage. Only one irriga- 
tion field has been voluntarily abandoned 
in Poland and that because of the growth 
of the community and the establishment 
of a health resort in the community 
Conrap P. STRAUB 


Protecting Crakow from Flood by Increas- 
ing the Length of the Intercepting Sewer 
—A Discussion. By K. DOoHNALIK. 
Gaz, Woda i Tech. Sanit. (Polish), 24, 
414 (Nov., 1950). 

The author discusses some points raised 
in the original article (abs., Tots JouRNAL, 
23, 1, 121; Jan., 1950). He states that 
the interceptor will not be increased in 
length and that the sewage plant to serve 
400,000 population (contemplated) will 
not be built to serve only 200,000, but will 
be designed for 400,000 and built for 
200,000. The design calls for an inverted 
siphon to carry sewage from the left 
bank to the right bank and treatment in a 
single plant providing primary and _bio- 
logical treatment with discharge into the 
Drwina River. 

Conrap P. Straus 


Rating Water and Sewage Works for the 


Year 1950. By ALeKSANDER TAFF. 
Gaz, Woda i Tech. Sanit. (Polish), 24, 
445 (Dec., 1950). 
During the first half of 1950 seven of 
the largest water and sewage works 
were rated. Difficulties encountered in 
making the ratings are discussed and the 
author expresses the hope that others 
will find sufficient interest in the prob- 
lem to help develop suitable parameters 
for rating various establishments. He 
stresses the point that a single parameter 
(such as may be applied to production 
figures in industry) cannot be applied to 
water or sewage works ratings because 
these plants operate in a closed cycle, 
in that they not only provide a suitable 
potable water for use, but also are respons- 
ible for removing and handling all the 
waste liquors resulting from the use of 
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their product. In addition to this, the 
administrations are faced with the problem 
of new construction, expansion, and re- 
habilitation. Illustrative examples are 
given which show some of the techniques 
used in rating and the difficulties encoun- 
tered, because good plants showing little 
change or improvement from year to 
year will be penalized when compared on 
a point system with other plants with 
very poor operation, but which have 
improved during the year. In conclusion 
the author suggests that for more equitable 
rating it would be desirable to establish 
operating norms for each plant based upon 
all factors influencing plant operation and 
rate on how well the plant approached 
these norms during the rating period. 
Conrap P. Straus 


Survival of Selected Enteric Organisms in 
Various Types of Soil. By W. L. 
MALLMANN AND WARREN Litsky. Am. 
Jour. Pub. Health, 41, 1, 38 (Jan., 1951). 
This paper reports results of a study to 

determine the indicator organisms most 
suitable for use in connection with the 
proposed establishment of bacterial stand- 
ards for irrigation water. The need for 
the study has arisen from the increased 
sewage contamination of waters used for 
irrigation, particularly in the western 
states, and the lack of any official control 
of irrigation water quality other than some 
state regulations. 

The experiments were designed to 
determine the behavior in soil of coliform, 
streptococcus, and S. typhosa organisms. 
Iron cylinders 40 in. in diameter and 18 in. 
deep held the soil samples. Different 
types of soil were used and the cylinders 
were placed in the open as well as under 
glass roof. 

In the initial tests raw sewage, settled 
sewage, dried sludge, digester sludge, raw 
sludge, and activated sludge were used to 
supply the organisms. The application 
rate of raw sewage was 10 gal. per cylinder 
and the rate of application of sludge was 
20 tons per acre. In the second series of 
tests, pure cultures of E. coli and Strep- 
tococcus faecalis were used, with sterile 
sludge added in various concentrations. 
The third series of tests was different from 
the second only in that virulent cultures 
of S. typhosa were added to the soil 
samples with the other two pure cultures. 
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The tabulated data of these tests are 
the basis for authors’ conclusions that: 


1. The only organisms, other than the 
coliform organisms, found in sewage that 
could be used as indicators of fecal con- 
tamination were the enterococci. 

2. Coliform organisms were found to 
persist in soil for long periods. 

3. Enterococci were found to die out 
rapidly in the soil. 

4. Virulent typhoid bacilli died out in 
soil much more rapidly than did the 
enterococci. 

5. The longevity of the coliform organ- 
isms, the typhoid bacilli, and the enter- 
ococci in soil was prolonged with an 
increase in the organic content of the soil. 

6. Enterococci would appear to be good 
indicators of public health hazard from 
sewage in soils and on vegetables. 


M. R. Gouiy 


Functions of Catchment Boards and River 
Boards. By GrorGe C. CROWTHER. 
Surveyor, 109, 367 (June 23, 1950). 


This paper describes briefly the work 
carried on by Catchment Boards since the 
powers of the Land Drainage Acts were 
transferred to such Boards in 1931. 
Passage of the River Boards Act in 1948 
provided for setting up river boards to 
coordinate all river interests, including land 
drainage, conservation, distribution of 
water, pollution, and fisheries. 


T. L. Herrick 


River Purification. Surveyor, 109, 419 
(July 21, 1950). 


This article reports the discussions of 
the paper, “‘The Work of the Conservators 
of the River Thames, with Special Refer- 
ence to River Purification,” presented at 
a meeting of the Institute of Sewage 
Purification. The difference in the prob- 
lems encountered by various areas, due 
to area, dilution afforded, population, 
and spacing of population centers, was 
pointed out. 

T. L. Herrick 


Cold Sludge Digestion. By J. W. Kirx- 
woop. Surveyor, 109, 531 (Sept. 29, 
1950). 


This article discusses briefly the design 
of unheated sludge digestion tanks. As 
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cold digestion is used principally in small 
plants, the most that can be expected in 
the way of mechanical equipment is a 
pump for charging with raw sludge. This 
can usually be utilized to mix the tank 
contents, if necessary. 

A capacity of 5 to 7 cu. ft. per person 
is suggested. Raw sludge must be intro- 
duced well below the surface so that it will 
be completely immersed and air excluded. 
Sludge should be drawn at a point remote 
from the point of inlet, but the area 
between should not be so large as to 
permit formation of banks of sludge or 
grit. A size limit of 30 ft. square with 
inlet and outlet diagonally opposite is 
suggested. There should be a_ slope 
toward the outlet to encourage sludge 
flow. The depth of sludge should be 
held to a maximum of about 12 ft. Means 
should be provided for decanting liquid at 
various depths. 

T. L. Herrick 


Influence of Temperature on Biological 
Changes in Water and Sludge with 
Special Consideration of the Effect of 
Warm-Water Discharges on the Receiv- 
ing Stream. By K. Viewv. Ges. Ing., 
71, No. 21/22 (1950). 

The influence of temperature is espe- 
cially noticeable in streams with sludge 
banks. An increase in temperature results 
in inereased decomposition of the sludge 
and subsequent formation of sludge gas, 
which lightens the sludge and _ releases 
quantities of oxygen-consuming sludge 
particles, which may rapidly absorb the 
available dissolved oxygen of the water. 
Therefore, the discharge of hot cooling 
water of industries into such streams may 
lead to fish killing. 

Serious consequences may be anticipated 
if hot waters are discharged either near or 
in connection with a discharge of raw 
organic wastes of domestic or industrial 
character. 

If the receiving stream does not have 
any sludge deposits and still has D.O., the 
influence of warm discharges may be 
negligible. During the months of October 
and November the water temperature of 
the receiving stream is favorable to the 
water bacteria and their aerobic activities. 
This is especially important when organic 
wastes, such as beet sugar and potato 
starch, produced in these months are 
discharged into the stream. Therefore, 
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it is essential to cool the wastes, especially 
those from beet sugar production, before 
their discharge to the stream. 

If small volumes of organic wastes are 
distributed to the receiving stream in 
various places the bacteria will adjust 
themselves to the quality and temperature 
of the water similar to their behavior in 
biological treatment plants during the 
various seasons. 

The effect of cooling water on the 
bacterial life in the receiving stream is 
less pronounced in larger streams where 
a temperature increase is temporary only. 
Obviously, no general rule can be estab- 
lished as to the possible harmful influence 
of the discharge of cooling water, but it 
must be taken into consideration when 
establishing river standards. Cooling 
waters must be either re-used or pretreated 
in cases where their discharge might 
affect detrimentally the bacterial life of 
the receiving stream. 

A. UHLMANN 


Production and Utilization of Methane 
Gas at the Wuppertal-Buchenhofen 
Sewage Treatment Works. (German) 
Descriptive folder. 


During 1949 and 1950 the sewage treat- 
ment works of Wuppertal-Buchenhofen 


constructed a digester, together with 
separate gas holder, gas scrubbing, and 
gas compressing facilities, as part of a 
large improvement program to modernize 
the 46-year-old treatment works serving 
300,000 connected persons. The turnip- 
shaped digester has a diameter of 75 ft., 
is about 78 ft. high, and has a capacity of 
255,000 cu. ft. Gas production is about 
150,000 cu. ft. per day, or 0.53 cu. ft. per 
capita. 

The sludge gas consists of 65 per cent 
methane and 35 per cent COs, which is 
removed as useless ballast. The sludge 
gas is conveyed from the digester to a 
piston-type gas holder (105,000-cu. ft. 
capacity), from which it is withdrawn and 
compressed to 20 atm. It is then con- 
veyed to the washtower for removal of 
CO, by water, followed by final compres- 
sion to 350 atm. and storage in 16 large 
storage bottles (12,000 cu. ft. each at 
350 atm.) From these storage bottles the 
pure methane gas is filled directly to the 
bottles of the trucks (200 atm.), thereby 
eliminating an exchange of bottles. 
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The utilization of sludge gas is expected 
to be profitable and a source of finances for 
the other plant improvements. 


Pau. A. UHLMANN 


Biological Studies on Activated Sludge in 
the Purification of Sewage. V. On the 
Mechanism of Removing the Bacteria 
and Organic Suspensions from Sewage. 
By Isamu Horasawa. Jour. Water- 
works and Sewage (Japan), No. 189, 
p. 55 (1950). 

The numbers and activities of activated 


sludge protozoa were affected by the 
numbers of bacteria in sewage. When 


the numbers of bacteria were increased by 
artificial additions of pure culture of 
bacteria, the numbers of protozoa in the 
activated sludge increased. The author 
concluded from these observations that 
the protozoa multiply at the expense of 
bacteria and therefore play an important 
role in the removal of bacteria and other 
particulate matter, which are absorbed on 
the activated sludge surfaces rapidly, 
where they are ingested by the protozoa. 
On the basis of the numbers of bacteria 
in sewage (5,000,000 per ml.) the author 
calculates that about 300 to 400 bacteria 
are removed by ingestion per protozoa in 
6 hr. The regeneration of the surface 
activity of the activated sludge is accom- 
plished as a result of digestion of these 
particles by the protozoa after ingestion 
and not as a result of action of exoenzymes. 


H. HEUKELEKIAN 


Comparative Experiment Concerning Gas 
Production from Garbage and Sewage 


Solids at the Munich-Grosslappen 
Treatment Plant. By O. Lorescu Anp 
G. Rupprecut. Ges. Ing., 71, 382 


(1950). 


Sewage solids-garbage mixtures contain- 
ing 0.5 per cent garbage reduced gas 
production by 7.7 per cent. At 90 per 
cent garbage, gas production was reduced 
by 89.3 per cent. Sulfates are the cause 
of this reduction (see Chem. Abs., 27, 
1071). 500,000 sulfate reducing bacteria 


were demonstrated per gram of digested 
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sludge. production amounted to 
0.35, 4.2, and 8.0 p.p.m. in sludge, sludge 
plus 5 per cent garbage, and sludge plus 
10 per cent garbage, respectively. Addi- 
tion of 0.1 and 0.2 per cent CaSO, to 
digesting sludge reduced gas production 
by 18.2 and 22.1 per cent, respectively. 
The source of sulfates in the garbage is 
ashes, which contain up to 17.3 per cent 
sulfates. Ash content of garbage varies 
from 50 to 70 per cent. For successful 
treatment of garbage with sludge diges- 
tion, the ashes must be separated first. 
Perer K. MUELLER 


Flow Measurement and Chemical Analysis 
of Sewage in Darmstadt. By Hans 
Mou. Ges. Ing., 71, 387 (1950). 


To remove Ascaris eggs, the sewage 
should be settled before distribution to 
farms. Sedimentation also reduced ferti- 
lizer value of the sewage by removing 40 
per cent of the organic matter and 20 
per cent of the mineral matter. Loss of 
N and P varies from 26 to 30 per cent of 
the mineral content; K and NaCl are 
not removed. The sewage contains up 
to 144 p.p.m. NaCl. The total sewage 
flow is about 4.23 m.g.(U.S.) per day and 
available farm area is about 1,680 acres 
per day. 

Peter K. MvuELLER 


The Availability of Nitrates in Sewage 
Effuents. By C. Jepson G. 
GREENE. City of Manchester (Eng- 
land) Rivers Department Report for the 
Two Years Ended March, 1950. 


The question of the D.O. level at which 
nitrates are actually reduced was tested. 
Samples of settled sewage and effluents 
from secondary treatment units were 
diluted with and without the addition of 
nitrates. After incubation, samples were 
withdrawn at intervals for the D.O. and 
nitrate determinations. In no case was 
a loss of nitrate observed until the D.O. 
had totally disappeared. Thus, the pres- 
ence of nitrate delays or prevents the 
onset of putrescence. 

H. HEUKELEKIAN 
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Sewage sludge gas is like a tiger in 
one respect — both are dangerous if 
they get out of hand. P. F. T. Gas 
Safety Equipment “tames” sewage 


sludge gas — renders it “gentle as 
a kitten” — and useful too. 


Whether sewage gas is utilized in 
gas engines for power, wasted with- 
out odor by burning in a P. F. T. 
Waste Burner or used for Digester and 


building heating with a P. F. T. Digester 
Heater, there is a P. F. T. Epuipment to safe- 
guard against every contingency that might 
arise in handling sewage sludge gas. 


P. F. T. Gas safety Equipment includes 
Combination Pressure Relief and Waste 
Gas Flame Trap Units, Flame Traps, 

Waste Gas Burners for exterior use, Pilot 
Line Flame Cells, Low Pressure Check 
Valves; Gas Pressure Regulators, manu- 


— Model 92 Pressure Relief 
ally operated Drip Traps, Accumulators And Regulator Valve 


for Condensate and Sediment, Gas Pres- 
sure Indicating Gauges, and auxiliary safe- 
ty equipment such as Digester Floating 


Waste Gas Burners 


Cover Position Indicators. Every unit ser- 


vice-proved in numerous installations — 
sound engineering evident throughout the 
line. Typical gas piping arrange- Manually Operated Drip Traps 
ments are detailed in Bulletin 221 


Gas Pressure Indicating Digester Floating Cover Low Pressure Condensate and Sedi- 
lauges Position Indicators Check Valves ment Accumulators 


4241 RAVENSWOOD AVE. CHICAGO 13, ILLINOIS 
NEW YORK @ LOS ANGELES @ SAN FRANCISCO © CHARLOTTE, W. C. © JACKSONVILLE © DENVER 


aN, 
ern! 
\ 
Model 91 Flame Trap teas 
3 
: 
PACIFIC FLUSH TANK CO. 
Waste Equipment Erclusively Since 1893 
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Proceedings of Member Associations 


KANSAS SEWAGE WORKS 
ASSOCIATION 


A new program of sectional one-day 
meetings was commenced by the Kan- 
sas Sewage Works Association and the 
Kansas Section, AWWA, on December 
5 and 6, 1950, with meetings held on 
these dates at Stockton and Dodge City, 
respectively. Both meetings proved 
most successful despite a sub-zero snow 
storm, which cut the registration by 
two-thirds. 

These meetings were the result of a 
decision of the two organizations to 
hold two programs within easy driving 
distance for those residing in the east- 
ern and western halves of the state. 
The programs were entirely devoted to 
practical operational problems. 

At the December 5 meeting in Stock- 
ton the following discussions of inter- 
est to sanitary personnel were pre- 
sented: 


Jeautification and 
by Roy Binder, 


‘*Sewage Plant 
Winter Operation,’’ 


Superintendent of Sewage Disposal, 
Hays. 
“The Difficulties of Having Small 


Sludge Drying Bed Areas,’’ by W. R. 
Hafner, Superintendent of Water and 
Lights, Herndon. 

The Dodge City meeting on Decem- 
ber 6 heard the following discussions 
on sanitary problems: 

‘*Problems Encountered in the Rapid 
Expansion of Municipal Utilities,’’ by 
Robert Peart, City Manager, Garden 
City. 

‘*Placing a New Sewage Treatment 
Plant in Operation on Existing Sewer 
System,’’ by John Foster, Water Sup- 
erintendent, Ashland. 

‘*Problems of an Overloaded Sewage 
Treatment Plant and Lift Station,’’ by 
Howard Gracey, Superintendent of 
Water and Lights, Hugoton. 


“‘Winter Operation of Sewage 
Plants,’’ by LeRoy Priess, Superin- 


tendent of Utilities, Stafford. 


‘Problems Encountered in Placing 
a New Sewage Plant in Operation 
Where Sewer System Has Been in Op- 
eration Several Years,’’ by D. J. 
Scholle, Coldwater. 

Similar district meetings are planned 
for next year as a result of the new 
program’s successful beginning. 


Dwicnut F. 
Secretary-Treasurer 


VIRGINIA INDUSTRIAL 
WASTES AND SEWAGE WORKS 
ASSOCIATION 


The Fifth Annual Meeting of the 
Virginia Industrial Wastes and Sew- 
age Works Association was held at the 
Chamberlin Hotel, Old Point Comfort, 
Va., April 5-6, 1951. Registration to- 
taled 103, with 34 wives of members 
also being present. 


The accomplishments of the Hamp- 
ton Roads Sanitation District Commis- 
sion in its pollution abatement program 
were emphasized the first day of the 
meeting. Charles B. Borland, general 
manager of the Commission, opened 
the program with ‘‘Outline of History 
and Work of the Hampton Roads Sani- 
tation District Commission.’’ He was 
followed by Russell Smith, U.S.P.H.S. 
Environmental Health Center, Cincin- 
nati, Ohio, who presented a paper on 
‘Sewage Pollution and its Effect on 
Bacterial Water Quality of Hampton 
Roads Shellfish Areas.’’ The meeting 
then adjourned to the Old Point Com- 
fort dock, where a U. S. Coast Guard 
ship was waiting to conduct an inspec- 
tion trip of points of water pollution 
interest around Hampton Roads. Box 


(Continued on page 268a) 
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Hartford’s famous Charter Oak which flourished for 200 years before it fell in 1856 
Hrarttora, Connecticut, has a cast iron 
gas main in service that was installed more 
than a century ago. On the anniversary of 
its 100th service year.a section of this main 
was uncovered for inspection and found to be 
in excellent condition. This main, installed cast 1r3on 
in the days of horse-drawn vans and vehicles, 
is now serving under the pavement of one PIP 
of Hartford’s principal thoroughfares and cas 
withstanding the traffic shock imposed by RIAL 
modern buses and multi-ton trucks. NUMBER SEVEN OF A SERIES 
. Despite such unforeseen stresses, cast iron 


water and gas mains, installed over a century 
ago, are still serving in the streets of more 
than 30 cities in the United States and Canada. 
United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U. S. A. 
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lunches were provided aboard ship. 
Krank H. Miller, chief engineer of the 
Commission, provided an extemporane- 
ous commentary on the points of in- 
terest during the trip. 
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itation District Commission’s north 


shore treatment works. 

Social activities included a_ social 
hour sponsored by the Association, fol- 
lowed by a banquet featuring sea foods 


The program for the second day in- 


served smorgasbord style, and a dance, 
cluded the following papers: 


all held on the evening of the first day. 
Entertainment for the ladies included 
the boat trip around Hampton Roads 
and a bridge party. 

At the business meeting, amend- 
ments to the Constitution were 
adopted which included the establish- 
ment of a student grade membership. 
The following officers were elected: 
President: Frank- 

lin. 

Vice-President: S. H. 
chester. 


‘Recent Developments in 
Treatment and Disposal,’’ 
E. Fuhrman, president, 
Washington, D. C. 

“*Experimental Treatment of Tex- 
tile Wastes,’’ by Joseph A. McCarthy, 
chief, Lawrence Experiment Station, 
Lawrence, Mass. 

‘‘Nutritional Requirements during 
Aerobic Biological Stabilization of Cot- 
ton Kiering Waste,’’ by E. N. Helmers 
and C. N. Sawyer. 

‘*Atomic Energy Matters of Inter- 
est to Public Utility Officials,’’ by 


Sewage 
by Ralph 
FSIWA, 


Stuart Crawford, 


Win- 


Reaves, 


Secretary-Treasurer: G. R. 
Richmond. 


Taleott, 


Frank Pitts, professor of chemistry, 
Medical College of Virginia. 

The meeting closed with an informal 
inspection of the Hampton Roads San- 


G. R. Taucort, 
Secretary-Treasurer 
(Continued on page 270a) 


SNOW GATES 


for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular openings in sizes up to 
and including 72 inches. 

ALL SNOW GATES and Lifts are ‘‘Parker- 
ized”’ for protection against rust and corrosion. 
Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street Los Angeles 54, Calif. 
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your every 
requirement... 


1OWA Motor Oper- 
ated Gate Valve . 
Sewage plant influent 


IOWA’S complete 
line of gate valves, check 
valves, flap valves, shear gates, mud 
valves and sluice gates is specially designed 
for severe and particular operating 
conditions in sewage disposal 


plants, sewage pumping stations or 


Manually Oper- wherever sewage flow control 
ated Sluice Gate... i 
| Settling basin drain is required. Let us help you solve 


your problems. Specify IOWA products 
and get the best. 


IOWA COMPANY 


201-299 N. Talman Ave., Chicago 80, Ill. * A Subsidiary of James B. Clow & Sons 


| 
to meet | 
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TEXAS WATER AND SEWAGE 
WORKS ASSOCIATION 


With a registration of 588 and an 
attendance of more than 600, the 1951 
Annual Meeting of the Texas Water 
and Sewage Works Association, held in 
conjunction with the 33rd Annual 
Short School, exceeded by almost 100 
the previous all-time high set at the 
1950 Annual Meeting. The Short 
School was held at Texas A. & M. Col- 
lege, College Station, Tex., March 11-— 
15, 1951, in cooperation with other 
interested organizations. 

In addition to a comprehensive di- 
versified program for both water and 
sewage works personnel, there was an 
industrial waste symposium and a ses- 
sion on water and sewage problems in 
large cities. Among the discussions of 
interest to all attending delegates was a 
symposium on civil defense, with well- 
qualified speakers outlining the pro- 
grams established at the national, state, 
and local levels. 


SEWAGE AND INDUSTRIAL WASTES 


At the Annual Business Meeting, 
the name of the Sewage Section was 
changed by amendment of the consti- 
tution to ‘‘Sewage and Industrial 
Wastes Section.’’ Also, a committee 
was appointed to attempt to establish 
water quality standards for irrigation 
waters (sewage effluents). The fol- 
lowing officers were elected to serve 
during 1951-52: 

Chairman: C. H. Connell, Galveston. 
Vice-Chairman: A. H. Ulrich, Austin. 
Secretary: V. M. Ehlers, Austin. 

Asst. Secretary and Treasurer: Mrs. 

Earl V. Goodwin, Austin. 

FSIWA Director: E. W. Steel, Austin. 

The Federation was represented by 
President R. E. Fuhrman, who gave a 
brief resume of Federation affairs at 
the business meeting, and also spoke 
on ‘‘Recent Developments in Sewage 
Treatment and Disposal.’’ 

V. M. 
Secretary 


THE 
MAGNETITE FILTER 


with successful operating 
records, extending back 
as much as 18 years, is 
available for improving 
the effluent or increasing 
the capacity of treatment 
plants for sewage and 
trade wastes. 


MAGNETITE 
FILTER CORPORATION 
10 EAST 40TH STREET 
NEW YORK 16, N. Y. 


| Copies of the following 
back numbers of 
SEWAGE WORKS JOURNAL 


Needed 


1928—October 

1932—January, May 

1933—May, July 

1934—January 

1935—May, July 

1938—May 

1940—July, September, November 
1946—September 


SEWAGE AND INDUSTRIAL WASTES 
1950—July 


Fifty cents will be paid for 
each copy in good condition 


FEDERATION OF SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATIONS 


325 ILLINOIS BUILDING 
CHAMPAIGN, ILL. 
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PROCESS 


As a result of numerous successful installations, more 


TAFT. CALIF 


NAMPA. ICAO and more consulting engineers are specifying Process 
NEEOLES, CALIF WHEATON, ILLINOIS 
rortuna cacir Clarifiers and Oxidators. Process Clarifiers are outstand- 

RITZVILLE, WASH 


. of ‘ how” “STOCKTON, CALIFORNIA 
roseviuce, because of “know acquired from many years pLanr 


OJAI, CALIFORNIA 


KAISER STEEL CORPORATION 
FONTANA, CALIFORNIA 


FORT WORTH, TEXAS 


SANTA BARBARA, CALIFORNIA 


CHULA VISTA, CALIFORNIA 
of experience in the design aud operation of sedimenta- sour company 
SACRAMENTO. CALIFORNIA 
SCOTIA, CALIFORNIA tion units in various industries. Every installation of the OCEANSIDE, CALIFORNIA 
4 INDIO, CALIFORNIA PIONEERS MEMORIAL HOSPITAL 
orccon Process Oxidator proves this revolutionary new sewage CALIFORNIA 


ARCATA, CALIFORNIA 


if i i i i GILROY, CALIFORNIA 
MADERA, CALIFORNIA treatment process involving aeration, Coagulation and SHERWOOD, OREGON 
Sedimentation in one tank gives the results of inter. CORPORATION 


JOHN DAY, OREGON 


HEMET. CALIFORNIA 


YAMA VAI Y ' 
HAMPORD. CALIFORNIA cu VALLEY, CALIFORNIA 
: VACAVILLE, CALIFORNIA 
. FRESNO, CALIFORNIA mediate treatmen actically cost prim 
tr t at pr the of ary GOLETA SANITARY DISTRICT 
BANNING, CALIFORNIA GOLETA, CALIFORNIA 


PALM SPRINGS, CALIF 
ADOLPH COORS CO AND 


Send for Bulletin 106 or have one of our specialized GOLDEN, COLORADO 


: STOCKTON, CALIFORNIA treatment. 
: NORTH ROSEBURG, OREGON 


ATHER STATION 
U.S ARMY WE ers ie) LAGUNA BEACH, CALIFORNIA 


. MARIN COUNTY, CALIF engineers give you complete information without obli- SAN LEANORO, CALIFORNIA 


BELLINGHAM, WASHINGTON 


‘ gation, Write to any one of the addresses listed below. 


PACIFIC GARDENS, CALIFORNIA 


212 SUTTER STREET 
SAN FRANCISCO 8, CALIF 


INCORPORATE D 


6381) HOLLYWOOD Bivo. 
LOS ANGELES 26, CaLiF 


EASTERN AND MIDDLE WESTERN REPRESENTATIVE 
PACIFIC FLUSH-TANK COMPANY + 4241 RAVENSWOOD AVE, CHICAGO 13, tik. 


: 
FOR JMPROVED crarirication 
“4 
MODERN treatment a 
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Equipment and Supply Lines 


Enclosed Induction Motors—Bulle- 
tin 1215 announces extension of the 
line of totally enclosed, non-ventilated, 
squirrel cage induction motors to in- 
clude 7.5- and 5-hp. sizes for service in 
adverse locations.—Fairbanks, Morse 
& Co., Fairbanks-Morse Building, Chi- 
cago 5, Ill. 

Painting Guide—Painting specifica- 
tions and application data for water 
works and sewage plants are contained 
in a new 8-page folder (751-R) for 
consulting engineers, contractors, and 
plant superintendents.—Inertol Co., 
Ine., Frelinghuysen Ave., Newark 5, 


N. J. 


Chemical Feed Systems—A 12-page 
reprint (File No. RP-9080) describes, 
in general terms, dry and _ solution 
chemical feed systems for various types 
of applications, discussing the advan- 
tages and disadvantages of the several 
basic methods.—Proportioneers, Ine., 
Providence 1, R. TI. 

Digester Heaters and Heat Exchang- 
ers—A 32-page bulletin (No. 
235) deseribes the external digester 
heater and heat exchanger units of this 
line, giving engineering data and speci- 
fications for design and installation.— 
Pacific Flush Tank Company, 4241 
Ravenswood Ave., Chicago 13, Tl. 


new 


Open Steel Flooring—Various types 
of open steel flooring, armoring, and 
safety treads are described in a new 


bulletin (No. 1103), which also con- 
tains specification data, safe load 
tables, installation methods, and other 
pertinent information.—Dravo Corpo- 
ration, Machinery Division, Fifth and 
Liberty Avenues, Pittsburgh 22, Pa. 

Sand Filter-Clarifier—A 4-page bul- 
letin (No. 30-B) discusses operating 
principles, performance data, ecapaci- 
ties, and advantages of non-backwash- 
type sand filter for high recovery ap- 
plications.—Hardinge Company, Ine., 
240 Arch St., York, Pa. 


Air Compressor Drives—Applica- 
tion information and selection data on 
both motors and controls for a variety 
of compressor types and sizes are given 
in a new 24-page bulletin (E-M Syn- 
chronizer, No. 32) containing a wealth 
of tables, charts, and graphs for match- 
ing motor characteristics to compres- 
sor requirements.—Electrie Machinery 
Mfg. Company, Minneapolis 13, Minn. 


Clay Pipe Jointing Compound—In- 
troduction of G-K58, a root resistant, 
hot melt-type, plastic pipe jointing 
compound claimed to have superior ad- 
hesion to both wet and dry vitrified 
clay pipe was recently announced. 
The Atlas Mineral Products Company, 
Mertztown, Pa. 


Faceshields—Bulletin CN-4_ de- 
scribes a new line of faceshields with 
visors for specific types of hazards, 
such as chemical splash, light flying 
and hot operations. Spe- 
cial preformed headgear adjustable to 


particles, 


individual head size makes for wearer 
comfort.—Mine Safety Appliances Co., 
Pittsburgh &, Pa. 


Corrosion Resistance Computer—A 
handy pocket-size computer of the 
slide-rule type is available to assist in 
the choice of substitute fastening ma- 
terials when the non-ferrous or stain- 
less steel alloy usually used is un- 
available. The computer rates 13 non- 
ferrous and stainless steel alloys as 
excellent, good, fair, or not good for 
142 corrosive situations.—H. M. Har- 
per Co., 8200 Lehigh Ave., Morton 
Grove, Il. 


Concrete Floor Resurfacer—Bulle- 
tin C41-1 deseribes and gives techni- 
cal information on Armor resurfacing 
and patching material for conerete 
floors. The material is claimed to be 
setting, resistant, and 
stronger than conerete under severe 
conditions.—The Monroe Company, 
Inc., Cleveland 6, Ohio. 
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tank liquor. 


FOR 

SEWAGE 

WASTE AND 

WATER TREATMENT 
PRE-AERATION ... 
ACTIVATED SLUDGE... 
CARBONATION 


Write tor Bulletin 17$31 


DIFFUSAIR at Kirkwood, 
operation showing effective “spiral 
flow” agitation and aeration of 


DIFFUSAIR installation at Kirkwood, 
Mo. Impingement nozzles and bowls 
are on headers at lower left side of 
tank. 


Mo. in 


The Impingement Aerator is a unit developed to 
accomplish more effectively and economically the dif- 
fusion of air as small bubbles to agitate and oxygenate 
aeration tank liquors. 

The principle involved is the combining of a low velocity 
jet of tank liquor and large air bubbles within an open 
bowl-like impinger. The cavitation effect thus produced 
divides the air into smaller bubbles than those diffused 

from a No. 30 permeability porous tube. The amount and 
pressure of the impingement water is very low when 
compared with the progressive back pressuring of the 
blower that persists when other types of 

air diffusers are employed. 

The impingement liquor is derived directly from the 
aeration tank mixed liquor, and is lifted with a simple 
air-lift unit from which 1/3 of the fine air is re-entrained 
and utilized for oxygenation. 

The air is released along headers through 3/16 inch 
orifices in the impinger units and no air clogging is possible. 
No filtering of the compressed air supply is required 

since there are no fine diffusion pores to become clogged. 


PROGUIP | NALKER PROCESS EQUIPMENT INC. 


PROCESS EQUIPMENT 


FACTORY ENGINEERING OFFICES LABORATORIES 


AURORA, ILLINOIS 
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DIRECTORY OF ENGINEERS 


(Continued through page 279a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Censulting Engineers 
WATER, saw ee AND 

STE PROBLEMS 
AIRFIELDS~ ‘REFUSE 
INDUSTRIAL BUILDIN 
CITY PLANNING VAL LGATIONS 
REPORTS LABORATORY 


Suite 1509-18 
121 S. Broad St. PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louls R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 
Civic Opera Building Chicago 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 


Municipal Engineere— Airport i Disposal 
Systema— Water Works 
and Mape—City Planning—Highway — Construc~ 
tion Surseye—Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 


Industrial Waste Treatment 
Investigations 


P. Box 67 Crystal Lake, Illinois 


W. H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 
Industrial Water 
Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa 


CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers 

CLiInton L. Bogert Ivan L. Booert 

J. M. M. Greie Ropert A. LINCOLN 

DonaLp M. DiTMaRS ARTHUR P. ACKERMAN 
Water and Sewage Works 

Refuse Disposal Industrial Wastes 

Drainage Flood Control 


624 Madison Ave, New York 22, N. Y. 


BLACK 


Consulting Engineers 
SewaGE - WATER - 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway 


& VEATCH 


ELectricity - INDUSTRY 


Kansas City 2, Missouri 


BOWE, ALBERTSON & ASSOCIATES 


Sewerage—Sewage Treatment 
Refuse Dis — Analyses 
Municipal —Industrial Projects 
Valuations—Reporte— Designs 


110 William Street New York 7, N. Y. 


CONSULTING ENGINEERS 


Will your prospective clients find you 
listed here among these wastes dis- 
posal specialists? If you offer con- 
sulting services for sewage and indus- 
trial waste disposal problems, send in 
your card now. 


Take advantage of the services of these outstanding consultants! 


t 
: 
274a 

: 

3 

. 

: 
| 

é 


SEWAGE AND INDUSTRIAL WASTES 275a 


FRANCIS L. BROWN 
Consulting Engineer 
Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Industrial Buildings 
Industrial Wastes Problems Railroads 


46 Cedar Street, New York 5, N. Y. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
NICHOLAS S$. HILL ASSOCIATES) 
Valuations and Reports 
Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 
584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Cleveland 14, Ohio 
1404 E. St. 


CAMP, DRESSER and McKEE 
Consalting Engineers 


Water Works and Water Eoeetment 
Sewerage and Sewage Treatm 
Municipal and Industrial Wastes 

Investigations and Re 
Design and Supervisio ~y 
Research and Development 

Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBUBRG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants-Incineration-Gas Systems 

Valuations-Rates-Management 

Laboratory-City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


Municipal Industrial 
Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 
Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Ill. 


OSCAR CORSON 
Consulting Engineer 
Sewage and Industrial Waste Problems 


Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 
Consulting Otol Bngineers 
Surveyors 
Sewerage, Se 


Water Su 
Surveys, ‘Land and bows 
Planning, no Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, very 
Hydraulic Works, Gas Plante 
Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 


It pays to secure competent and experienced engineering advice! 
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DE LEUW, CATHER & COMPANY 
Supply ECKENFELDER ASSOCIATES, INC. 
Grade! Se Sanitary Chemists 


ocal Transportation Sewage and Industrial Waste Surveys, Process 


Research and Development, Water Analysis, 
Stream Pollution Investigations, Laboratory 
Analyses and Reports 


Investigations — Reports — Appraisals 
Plans and Supervision of cy 
150 North Wacker Drive cago 6 e 
505 Colorado Bidg. Washington 5 45 N. Broad Street Ridgewood, N. J. 


CATHODIC PROTECTION ONLY $60 PER YEAR 


is the cost of a professional listing 

in this space. A card here will iden- 

tify your firm with the specialized 

Electro Rust-Proofing Corp. (N.J.) sewage works field and will afford 
Belleville 9, New Jersey maximum prestige! 


Engineering—Surveys—Design— 
Installations 


FAY, SPOFFORD & THORNDIKE 
CHABLES M. ous Eee W. Horne FREESE, NICHOLS AND TURNER 


JOHN AYER WILLIAM L. HYLAND ° 
Bion A. BOWMAN FRANK L, LINCOLN Consulting Engineers 
CARROLL A. FARWELL Howarkp J. WILLIAMS 


Water Supply and Distribution—Drainage 2111 National Standard Building 
Sewerage and Sewage Treatment—Airports Houston 2, Texas 
Investigations and Reports Design 

Supervision of Construction Valuations CH-1624 

Boston New York 


GANNETT FLEMING CORDDRY 

EDWARD A. FULTON & CARPENTER, INC. 

ENGINEERS 
Investigations, Reports, Valuations, De- Water Works—Sewage 
sign ana. Construction—Water Supply J and Industrial Waste & Garbage Disposal 
Purification Plants; ee Se oads—Airports—Bridges & 
age Treatment Works; Mun cipal ,S- + Flood Control 
and Power Developments; ams an Town Planning Appraisals 
Flood Control Investigations & Reports 
Harrisburg, Pa. 


New York, N. Y. 
3209 Brown Read Saint Louis 14, Missouri Scranton, Pa. Pitteburgh, Pa. 


Censulting Engineers 


GILBERT ASSOCIATES, INC. 
Engineers and Consultants GLACE AND GLACE 
Water Supply and Purification Consulting Sanitary Engineers 
: Sewerag 1 Se Treatme 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service Industrial Wastes Disposal 


Investigations and Reports Design, Construction, and Supervision 
of Operation 


York Washington 
READING, PA. philadelphia 1001 N. Front Street Harrisburg, Pa. 


WILLIAM A. GOFF, INC. GRAHAM, CROWLEY & 
General Engineering and Consulting Services ASSOCIATES, INC. 
Water, Sewerage, Refuse Incineration Consultants to Electroplating Industry 
Industrial Buildings, Power Plants Sanitary and Construction Engineers 
Airports, Town Planning Electroplating and Metal Finishing 
Plans, Supervision, Valuations, Reports Waste Treatment 


504 Keystone State Bldg., 341 E. Ohio St., Chicago 11, Ul. 
Philadelphia 7, Pa. 475 York Rd., Jenkintown, Pa. 


Take advantage of the services of these outstanding consultants! 
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GREELEY & HANSEN 


Engineers 
Samuel A. Greeley Paul Hansen (1920-1944 
Paul E. 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 8S. State Street, Chicago 4 


HAVENS AND EMERSON 
Consulting Engineers 


W. L. Havens Cc. A. Emerson 

A. A. Burger F.C. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations.—Laboratories 


Leader Bidg. Woolworth Bidg. 
Cleveland 14 New York 7 


HAYDEN, HARDING & BUCHANAN 
Consulting Engineers 
Joun L. Hayprn H. Harprno 
CAMPIA 


Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 


810 Park Square Building, Boston, Mass. 


HAYDOCK 


lei 


Water Works 2 and Sanitation 
Industrial Wastes 


Design, Construction, Operation and 
anagement 
Reports and Valuations 


2314 Girard Trust Co. Bidg., Phila. 2, Pa. 


RICHARD HAZEN 
Consulting Engineer 


Municipal and Industrial Water Supply 
and Treatment 
Sewage and Waste Disposal 
Reports, Design, Construction, Operation 


110 East 42nd St. New York 17, N. Y. 


C.W. Durham H.H.Henningson W. A. Richardson 


HENNINGSON ENGINEERING CO. 
Consulting Engineers since 1917 for more than 
600 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Standard Oil Bidg. Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 
Lester D. Leg, ASSOCIATE 
Consultants to Municipalities since 1920 
WATER, SEWERAGE, PAVING, POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 
241 Sheridan Road 
Menominee, Michigan Minneapolis 1 


300 Lincoln Building 
. Minnesota 


CONSULTING ENGINEERS 


If you specialize in sewage and industrial 
waste treatment works, your professional 
card should be here! 


The rate of $60 per year provides for 
12 monthly insertions. 


HORNER & SHIFRIN 


lei, 
W. W. EB. E. 
H. SHIFRIN Vv. C. LiscHeR 
Airports — Hydraulic Engineering — 


Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 


Shell Bullding, St. Louis 3, Missouri 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 


Supply and Purification, Sew: and 
aon Garbage and Refuse 


and Incineration, Industrial 
Buildings. 
TROY, N. Y. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING oo 

Investigations, Reports 

Supervision Construction 
Operation 

Sewerage, Pe e Treatment and 

Industrial aste Disporal 
Chemical and Biological Laboratory 


604 MISSION 8ST., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 
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MORRIS KNOWLES, Inc. 
Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1812 Park Bidg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


Your firm should be 

listed here 
. .. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

52 Vanderbilt Ave., New York, N. Y. 


Parsons, Brinckerhoff, Hall & Macdonald 
G. Gale Dixon, Associate 
Engineers 

Dams, Water Works, 

Airports, Bridges, Tunnels 
Trafic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 


51 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie, Ernest W. Whitlock, G.G. Werner, Jr. 
Investigations, Reports, Plans 


Supervision of Construction 
and Operations 


Appraisals and Rates 
25 West 43rd Street 


New York 18, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age posal ; Industrial Wastes; Investigations 


; Design; Supervision 
nstruction & Operation 


Analytical Laboratories 
1 Lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste | Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. 


New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 


Design—S 
Water Works Systems, and Softening 
Plants, Reservoirs and Dams, Sani and 
Storm Sewage Treatment ts, 
Refuse Disposal, Airports. 


426 Cooper Bldg. Denver 8, Colorado 


Take advantage of the services of 


these outstanding consultants! 
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RUSSELL and AXON 
Consulting Engineers 

Geo. 8. Bussell 

Joe Williamson, Jr. F. E. Wenger 

Sewerage, Sewage Disposal, Water Sup- 

ply, ater Purification, Power Plants, 

Appraisals, Rate Investigations, Reports, 
Plans, Specifications. 


408 Olive St. Mauniel Airport 
St. Louis 2, Mo. Fla. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 
P. O. Box 1048, Jacksonville, Fila. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power—Airports 


Hershey Bullding 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 


Surveys Reports Appraisals 
200 8S. High 8t. Columbus 15, 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
441 North 2nd St. Reading, Pa. 


WESTON & SAMPSON 
Consulting 


Engineers 
Water Supply, Water Purification, 
Control 
Sewerage, and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 


tory 
14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broa! Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


CONSULTING ENGINEERS! 


If you specialize in sewage and industrial waste disposal problems, pros- 
pective clients will expect to find your card in the Directory of Engineers 
contained in the... 


Official Professional Journal of the Sewage and 


Industrial Wastes Field! 
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Combustion (Pies Dryer Division) ........... 


Lock Joint Pipe Company 
ational Pipe Manvlactarers, Inc. 


vocess Engineers Ineorpensted 
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Wallece & Tiernan 


Processes Division ; 39a 
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Goff, William A, Sime. & Howard 
Creham, Crowley & Associates, Inc, Whitman, Requardt & Associates 


PATRONIZE OUR ‘ADVERTISERS support makes possible the: 
lication of this Jouruall When writing advertisers be sure to mention SEWAGE 
AND INDUSTRIAL WASTES. 


LANCASTER PREGH INC, Ba, 


i Rod Eqnipment 

oR 

DIRECTORY OF | | 
Albright & Priel, Inc. Gresley & Hansca 
Bogert, Clinton L., Associates Hitchoock & Estabrook, Inc. 
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